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* OR ADVERTISEMENTS AND PUBLICATION, 35 & 36, BEDFORD STREET, STRAND, LONDON, 'W.C. 
~ VOLYCIL—No. 2651.] LONDON: FRIDAY, OCTOBER 2, 1916. [PottOpee ase Newepaper) (ne Banner 0a. 
“A veling & Porter, Ltd., Y Samoan & Co., Ltd., les Limited, Y #trow Patent | 
SHIPBUILDERS AND ENGINEERS, oe pe TAM, MANCHESTER. ter-t b le 
Rocuesrer, KENT, LASGOW (formerly of Popa, Loxpon). FEED WATER HBA W* ater-tune Bowlers. Ts. 
es aie aia SPERDS LES AN HOUR. CALOMIFIBKS, BVAPORATORS, | Row's 
end 73, . PADDLE OR SCREW STEAMBRS CONDENSERS, AIR HBATERS, PATENTS. & 00., UNLRRTAKR 
STEAM ROLLERS. ROAD LOCOMOTIVES. STREAM a. LES. PHUBSING and a Ou of the various 


STBAM CULTIVATING MACHINERY. 
STEAM WAGONS. TRACTORS. 
CEMENT- MAKING MACHINERY. 5288 


A. (F. Y uniord Lt) 


CULVER STREBT WORKS, COLCHESTER. 
On ADMIRALTY aNpD Wak Orrice Lists. 


ENGINES v3 T Boats, oy Launches. 
OLE PEED PU 


See Py ear roan jee 5 week, 
PATENT WATBR-TUBB BO 
AUTOMATIC vaED D REGULATORS 

And Auxiliary Machin as supplied to the 
‘Admiralty. nk Od 2179 





M arine Steam. Turbines 
Paxsons’ Parsnt). 5045 
JOHN SAMUEL WHITES & COMPANY, Lrp., 


Shipbuilders and an ase Oe = LW. 
fast COWES, 


Gee's x 8 HydrePocematic ASH Bj ector. 

a of labour. Nonoise. sy dust. No 

ed 20 ft. clear of veasel—Apply, 

8 an 43, Billi wr Biden. asin ah 
tects and Surv: iter r 

London, B. Cc. i OO 


Pp etter Qil Fgizes. 





(taig & Donald, Ltd., Machine 
} MAKBRS, Jomnsronx, near Glasgow. 
For class of Machine Tools ao I our Illustrated 
ee week 1 








GARTSHERRIE ENGINEERING & FORGE CO., 
Guascow. 5433 
CLUTHA WORKS, GLASGOW. 
OF EVERY DESCRIPTION. 
Re; gistered Offices : 1084, Cannon St., London, B.C. 
mus BOILERMAK 


[roe Fis ginge 
50, WELLINGTON STREET, 
P & W. MacLellan, Limited, 
MANUFACTURERS OF 
RAILWAY CARRIAGBS AND WAGONS, 
RAILWAY IRONWORK, BRIDGES, ROOFING, &c. 
Chief Offices: 129, Trongate, Guascow. Od 8547 
Steam ee (with or 
TOOLS for Saue 
DAVIS& PRIMROSE, Licrrep, Lawn, Eoixpunese 
] srett's Patent L jitter (‘o. 
- Limirep. 








}{ammers, Presses, Furnaces, 
OOVENTRY. 610 
Bever, Dorling & Co., Litd., 


BRADFORD. 

EIGH-CLASS BNGINES FOR ALL PU 

also babcswar< EATIARS G, AIR CO. CoatrnmSsING 
PUMPING ENGINES. 


{ ‘ran ——Electric, Steam, 
. BY DRAULIC and HAND, 


st abt pes and sises. 
GBORGH RUSSELL & CO., Lrp., 
Motherwell, near Glasgow. 


R. Heber Radford, Son «Squire, 


ENGDYEERING, Inox ap Sreex Works. 
Established) Valuers, over 50 years. 


CONSULTING 
‘SD PA?ENT AGENTS, i RETERERS, AnnrTnarons 


Rap 
ist. Naval Mem, ips gg a Engineers, i 








heme Lome: 








Na ar sure 


Exceptional Shallow Draught 
SELS PROPELLED BY STEAM 
bines or onan 


Internal Combustion Engines. 


(‘ampbells & ante, J}. 


SPECIALISTS IN 
Drilling & Boring Machinery 
for Engine Works and Boiler Shops. 
DOLPHIN FOUNDRY, LEEDS. 4547 


"¥ achts, Launches or Barges 


Built complete with Steam, Oil er Petrol 
Motors ; or Machinery supplied. Od 3661 


VOSPER & CO., Lap., Broap Street, PorTSsMOUTH. 


Plank Locomotives 
Specification Eve b Se penne nore equal to 


Main Locomotives. 
R. & W. on LESLIE & OO., Lzp., 
Ene NEwcasTLE-on-TYNE. 








4988 








(och ran aU Ose TURE TTP RS. 
pth a Boers. | ono 
{pte —— Railwa 

E ‘Company, 


Go syne G 
London Office—13, Victoria Bisect, sw. 


MANUFACTURERS OF 
RAILWAY CARRIAGE, WAGON AND TRAMWAY 
WHEELS & AXLES. 


CARRIAGE & WAGON IRONWORK, also 
CAST-STEEL AXLE BOXES. _ ph 


The Norman Thompson 
Fue! ht Co., Ltd. asrr. 190.) 


, vada To THe ADMIRALTY. 
in Design and 








Seven years’ experien 
ection of 1 Aircraft. 


“THE FIRM WHO GAVE THB FLYING BOAT 
TO THE NAVY.” 
ALL BRITISH BUILT. 


Address :—MippLeton, Boenor, BneLanp. 
Telegrams—* Soaring, Bognor.” 


“Gripoly’ 


MACHINE BELTING 


FOR 
Drtivizg 


(jonveying 


Filevating 





Sotz MaNUPACTURERS : 


Les & Ty lor, Ltd., 





CARDIFF. 5484 
Lonpon. MANCHESTER. Giasapw. 
< ‘Fron and Steel Ss 


"T'abes and Fittings. 
The Scottish Tube Co., Ltd., 


Heap Orrice: 34, Robertson Street, Glasgow. 


Sandan, Liverpesl, Maeshenter, Nowelatlech 








anp GAS EBTT § 
Merrill's Patent TWIN STRAINERS: for Pump 


8 
orn IASTEAM TRAPS. REDUCING VALVES 
lass GUNMBTAL STEAM FITTINGS. 
WATER SOFTENING and FILTERING, 4924 











Tlubes, Iron and Steel. 
Edwin Lewis & Sons, 2s 


148, Cannon Ste, sxc, Wolverhampton. 
d Pitti 


Gtewarts and Lovas Li. 


41 ft, OSWALD 8T., GLASGOW. 
BROAD STRUBT CHAMBERS, BIRMINGHAM ; 
oad LONDON OFFICE— 

INCHESTER Hovusz, a) Broap Srreet, B.C. 
LONDON WARBHOUSE-157, Urn. ToamesSr., B.C. 
LIVERPOOL WARNHOUSH 6, Panavise St. 
are, W. ad eh Daaxsasre. 


AREHO 
BIRMINGHAM WARBHOUGHS —B; 
Smexrcors Sr., re 10, omer Sr. 
t page 26. 4990 
Mew for Immediate Sale:— 


62HP. Fg 





Excellent ices 
NINGS, 
West Walia, Newcastle-on-Tyne. 5256 


80) a ane 





WOLVERHAM 


New Chicago Automatics, 


Three Sizes, Delivery from Stock. 
NEW CAPSTANS, }} in. through the wire feed. 





JOHN MAONAB, Many Srreer, Hype. 


see He. Wrightson & Ce | 
: Meo Tools in Stock :— 


son” doug > 







of Yarrow Boilers, such as the Steam Drums, Water 
Pockets, and Superh Foreign 


eaters for British and 
YARROW & CO., Lrp., Soorstoux, GLASGOW. 


Firme not having the necessary foctlitees 
_j ohn Bellany, [ jmited, 


MILLWALL, LONDON, 8, 1216 
ENERAL ConsTRUCTIONAL ENGINEERS, : 
Béilers, Tanks & Mooring Buoys 
Stois, Perrot. Tanxs, Atm Receivers, STEEL 
Cuu«vers, RIVETED STEAM AND VENTILATING PIPES, 
Hoppers, SpxciaL Work, Repairs oF au. Kurs. 


RAILWAY CARRIAGES, BLBCTRIC CARS, 


HN Nelson & (> Ti L 


Tur GLasow Btteive Dees Stock — Puant bf 








LIMITED, 


See Advertisement page 87, Sept. 29, a 





women foe Rog I to admit 
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Toy im, seat. Bpecial 
hand PLAN HR, 3€ ft, by 6 ft. by 6 ft. 
Chamber Iron Works, i, Manbestors 
ocomotives in Stock.— 


RES, Sevape S CO., ypcber ben gh 


California Works Gtake-on Trent ron Trent fange num 

iia gens ae Sriiek tus. ito i 

aan wie 
ailway 


GQ witches and 
© rossings. 


= eae > ea LIMITED, 




















Tel, eoed : 78 Hyde. 53198 Ge erinett Suction Plants, 
eparators RSS 
BEuAUsr, OTBAM 
3 Sa ae en ESN An 
PRESSED AIR, Ac. 
STEAM. DRERES: [xckham's Patent S 
METALLIC PACKINGS. WBRIGHIN 
ROAD BNGINBEMING WOKE 
et & Co., Loxbon, H.—Hydraulto Cranes, Grain 
iy PFIELD. 5191 Tilus, Adve, last week, page 11. 
R: u > b er MANUFACTURERS CHANTIERS & ATELIBES 
A ugustin - J ormand 
61, rue de —LE HAVRE 
Hose ran" rae a PRANGH) 
Destroyers, Boats, mie, Yachts a and Fast Boats, 
GUTTA PERCHA & RUBBER, LIMITED, eat 107 errhanarknos and Bitenanaitile Hosea 
Toronto - - Canade. Sail NORMANDIE futant Diesel Oil Hingines. "3800 
Mechanics and = jfetals (lentrifugals. 
National -Bank 


OF THB CITY OF NEW YORK. 
RsPapuisHED 1810. 


SURPLUS & UNDIVIDED PROFII8 $9,000,000 


This Bank receives Accounts of 


Bu “ on 
east Uattetiass ba nil tans ot the werkt” 


cane a 


JOINT SPOCK BANK, Lep 
& MIDLAND BANK, Le, 


iactty B. & o Massey, | Lid., y 









Pott: ((assels & VV ittiamson, 


MOTHERWELL, SOOTLAND. 


5466 
See half-page Advertisement page 62, Oct. 6, 
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ENGINEERING. 


© (Bas 1916, 








he Manchester Steam Users’ 
For the Privedines of Stoans Boller Explosions and 
for the Attainment of 


OShiet Bagineer 0. i STROMBYER, M. M.LO.E. 
neer i : 
Founded nse by Sis WB. 
Certificates of — nb By Factory and 


pay ps Act, pensation for 
d Liabiliti tn of 
ibe erase wees as 


A National Need. 
BRITISH SCHOOL OF ABRONAUTICS. 
Civil, echanical and Blectrical Engineers. — 
PEN NINGTONS, 254, Oxford Road, Manchester. 5397 
STRUCTURAL BNGINEEBRING. 


hes Particulars of Course of 


ef ep CORRESPONDENO®, 
write to“ THR W STER ENGINEERING 
i RBAU,” 23, Old Oak Road, Acton een hanee, 











TENDERS. 
THE BRAY ania ~ : COUNCIL 


(['enders for a Second-hand 


TRAVELLING STEAM CRANB, 4 tons. 
Must be in good order.—Tenders should be for- 
warded to TOWN ULERK, Town Hall, ry 
Ireland, by 7th November, 1916. F274 











APPOINTMENTS OPEN. 
LBICHSTERSHIRE COUNTY COUNCIL. 
LOUGHBOROUGH TECHNICAL INSTITUTE. 


WV aated, Immediately, Lec- 


TURER IN ENGINEERING (preferably 
Hlectrical), Sala £150 to £175, according to 
experience and qualifications. The appointment is 
for the period of the War, but will probably be made 
permanent in the case of satisfactory service, 

Applications, with not more than three copies of 





recent testimonials, should be sent to the Principal, 

The Technical Institute, Loughborough, not later 
than November Ist. 

W. A. BROCKINGTON, F 286 

‘Director of Ki Education, — 

Fe: e Manager or Foreman 

UIRED by controlled firm. Experience 

in making steel forgings up to 3 tons essential, 

some knowledge of drop stamping practice desirable. 

—Apply, stating age, references and salary required, 

to your nearest LABOUR BXCHANGH, men tioning 

this Journal and F 2096. No person engaged on 

Government work will be engaged. 





‘ssistant to . Manager 

A REQUIRED in works situated in Midlands, 

manufacturing metal alloys of every description. 

on na gan is = a By nn cone’! one, and there are 

must 

Se full 7 ot = giving experience, salary ex- 

ted, and present employment. Information will 

treated confidentially. —~Address, F 273, Offices of 
Bweine ERING. 


(Chemical Kngineer Required, 


at once ; must be thoroughly exper — and 

have sound education, and knowledge of 
Koper gas plant. Liberal wages to first-class — 
person — ed on Government work will be 
te statiog fully Fo gye—yae and 
—— —Apply your nearest 
CHANGE, 1 Me this paper 








de 
LABOUR. 
and E 637 ouae 


(themical Engi neer Ri equired, 


with practical parm of Nitric Acid, 
Sulphuric Acid Concentrating, Acid Mixing and 
Denitrating Plants. Must be mechanical 
engineer, with some knowledge of ctrical Plant, 
and capable of handling men with tact. Please 
state age and full particulars of experience. 


Applications can be made in writing through your & 





nearest LABOUR BXOHANGE, mentioning this 
Journal and BE 863. No person en on Govern- 
ment work will be employed. 
Reauired, for an Important 
position in the Minis’ A} Munitions, a fully 
qualified MECHANICAL ENGINEBR, with Inter- 
national workshop experience and a wide know ledge 
of modern machine tools, coe gy giving particulars 
and ern on reco’ 
THE OLBARING 3 BURBAU, 
9, Sirthaaeeeiane Street, 8. W. F 2m 
\ \7 anted, an Engineer (Inelig- 
ible), with refrigerating and suction gas 
plant. experience for West Africa.—State age and 
salary .expected, T 543, Ler & NIGHTINGALE, 
Liverpool. : CaP Re 
anted, Immediately, jfor 
Chile, ¢ enpetens ENGLN BER for machinery 
of Nitrate Oficina, Must be ineligible for military 
service and nut employed on Government work, 
Salary up to £0 per annum, with board and 
lodging.—Full particulars to BOX B 527, Leg anp 
Ni@utin@ae, Liverpool, F 318 
Jest Africa—Required, 
Co tent ENGINEER, one with ex 
lence of milling plant preferred. Must be ineligible 
for militar or service, and not employed upon Govern- 
ment work, — Write, stating age, qualifications. | se 
experience, and sa’ BOX A 526, van 
AND NIGHTINGALE, 





So to 
verpool. 
Firm, 
BNGINERR, ndidates must be pono Bae 
the Army. electrical knowledge essentia ae 
Ot, 
pes py Babcock boilers with stokers, t elapieie 
light an owe oe plant, Lage , &e. 
ble of s' isi ated. = 
all mach tn fontery. 


A Manufacturin ng 
London eo has a VAC. fora SHIFT 
experienced in the running of a large modern 
ms wi of refri Juin ace ven 
one ng p anc 
S pe 
Foca any suitable a 
ex ee oomee of three testimonials, 
F ie Omces of ; ti 


‘in the Application of | be used 


tet | 


Wanted, a Buyer, for General 
experience ane tata waar capetty and i 
i 


A. care 
Nicholas Lane, B.C 


Wiaauted 1 Immediately, Assist- 


ANT CHEMIST, for large engineerin: 
works in the North of t Haglund. “ApoIy, stating | for 


Po teerest LABOUR “ExoltANax, eenibining thie 


Journal and No. A 2436. No one employed on 
Government work oat be engaged. F 281 


gen rene Clerk 
(tem porary) REQUIRE e Engineer- 
ing firm. mate knowled War Customs 
ing frm. fact geome Inel whe for military 
—— No one outside a ius 10 miles, or 

resent on Government work, need a thoes ot |B 

ddress, stating salary expected, F 326, O 
Goorenhasne. 


es Fixer, for Bench Filing 


and Ln og Good prospects fora live man 

xperience. Apply in writing, giving full 

details of past experience and wages required. No 

one on Government work need apply.—Apply, your 

nearest LABOUR EXCHANGE, mentioning this 
Journal and F 238, 


anted, Ratefixers, or Intelli- 


ent Prac tical Fittersand Sesneis, to train as 

such. Men with initiative and tactrequired. State 

particulars of age, Dom ogress &c. No one already 
on Government will be engaged.—Apply, 

your nearest LABOUR EXCHANGH, mentioning 
o. A 2412. F246 

DRAUGHTSMEN WANTED, CHIEF AND 

LEADING HANDS. 











raughtsman .—Wanted, 
CHIEF DRAUGHTSMAN under Head 
Designer in long established aircraft manufacturing 
company. Must be capable of assisting in develop- 
ment of new designs. 

Only men of first-class capacity, experience, and 
—— es nee A EE 

Also W WO or THREB experienced 
nee DRAUG HTSMEN, capable of acting as 

ing Hands. 
No one engaged on Government work need apply. 
Please address F 308, Offices of ENGINEERING. 


eadin Draughtsman 
REQUIRED by Oil Engine Manufacturers 

in South of  Bugiana. rience with solid injec- 
tion high compression oil engines, or with large 
marine oil engines a recommendation, Good pros- 
pects.—Apply, stating experience, age and sa’ 
required, to your nearest LABOUR XCHANG 
mentioning this Journal and F298. No eligible man 
already on Government work need apply. 


A Good Mechanical 


DRAUGHTSMAN REQUIRED, for 
urgent work in an Admiralty establish- 

ment. State age, experience, and salary required. 
and enclose references.—Apply, BOX No. 808, care 
of Messrs. R. F. Warre & Son, Geni. Advng. Agents, 
33, Fleet Street, London, B.C. _ F289 
anted, Immediately, for 
rary work, capable ENGINEER- 
AN, over war age, for preparation of 
8 chemical plant.—Apply by letter, 
cations and special «perience, to 
“ Consulting Engineer, 65, —— 
317 


Jig and: “Tool Draughtsman 
EQUIRED for motor and aero work. No 
person on Government work will be engaged. Only 
men experienced in latest methods and held similar 
ae need apply. 

Apply. Fa Tt . nearest LABOUR eenere *j--' 


7 ‘ 
(; ood Draughisman W ra 
with automobile or aero engine axpeclines 
by controlled firm in the Midlands. No person en- 
ged on Government work need apply.—State a e; 
rience, and salary required, to nearest LABO 
® CHANGE, mentioning this Journal and F 242. 


n] 
eneral Engineering 
DRAUGHTSMAN WANTED. State age, 
salary, and experience. No one already engaged on 
Government work, or outside a radius of 10 miles 
from London, need apply.—Address, F 279, Offices 
of ENGINEERING, 


’ | \wo First-class Draughtsmen 
REQUIRED for War work, Manchester 
district, familiar nent turbine plant and details 
| Discharged Army man preferred. — 
ddress, F 303, “Ottiees 0 of ENGINEERING. 

P28 pateman Wanted. Over 
itary age. State qualifications and salary 

expands arya F W1, Offices of ENGLYEERING. 
Dravge tsman and Junior 
IRBD, at once, for engineering office 
in Westminster. Must be ineligible for the Army, 
and not already on War work. Apply. stating age, 


pect e,and salary required, to your 
serena EXCHANG mentioning Shhis 
Tonreal and ¥ 272. 


ps ghtsman Wanted, in 

London office, used to civil neering apd 

constructional work ; must beineligible for mi ey 

service and not engaged on munition work. Sal any 
per week. —Write, Z. O. 354, care of narceer's 

228 





DRA UG HTs\ 
plans and desi 
stating fn 


Wall, my 














319 Ledtennelt Street, B.C. 





p= ughtsman for Jigs and 
oe, with s experience; permanent 
coo No man on vernment work will be 
pee oteee « ee —s — 


nearest BOARD of TRADE LABOUR Gx RxCiANG Ge. 
mentioning this paper and No. 


thief Storekeeper Wanted, 


mapa Arn proses! el experience 
in similar capacity with public 
months’ or nm offered. 218 pe eli 








Pp scetamen with Ex- 
REQUIRED for 


pd tool mys oh in _seroplane tonly. Applian 


give full partic lars of prev 
oe iacsrst nee 


M achine Shop Foreman for | 

small shop on accurate high-class work in 

pop hee E ebonite. Good and permanent position | 

capable man. No ae nage on | 

5 ae ara work will be nearest, | 

paw yi tr EXCHANGE, m joning att apes | 
8 

anted, First-class Machine 

shop FOREMAN ; must have experience | 

in high-class machine work, ‘and = wees taking | 

charge of a large shop, prod a"? high-class | 

work, Noperson alrendy‘erp res jn Ban dre 


work will be e » your nearest LA- 
a EXCHAN ng this Journal and 


W anted, First-class Foreman 


FITTER for high-clags engine works 

ed on gun work. Permanent ition for 

sutta table man. No one empl Ag on ernment 

work will be manga .—Apply to _— nearest 

ee oom UR EXCHA i, mentioning Rvouxennre 
an 


Proreman Wanted for Con- 


tractors’ Smithshop in Dublin. 10 fires and 
machine tools for manufacture of light steel struc- 
tures, roofs and ten. ay fron fences, railings and 
gates. general smith and cold angle framing. 
Over 30 to 40 men. ~ Reply, stating age, experience 
and wages expec to your nearest LABOUR 
EXCHANGE, ‘quoting No. A 2452. Only ineligible 
— not employed on Government work need 
apply. 


Wanted, Furnaceman and 


ENGINEER, thoroughly acquainted with 
——— o gas and furnaces; progressive position. 
tate full particulars. Men already engaged on 
Government work need not apply.—Apply, your 
nearest LABOUR BXCHANGR. mentioning this 
Journal and F 285. 


[rurmers and Fitters, Several 

REQUIRED ; competent men. Those on 
Government work or residing outside radius of 30 
miles need not apply. farm Hy giving particulars 
2. 278, Offices of BueinzrRING. 


(‘utting of Shell Bands.— 


WANTED, MAN capable of supervising this 
department. Must be able to arrange work and get 
output. Experience as lathe operator and tool 

rinder neces: oe © man on 

overnment work will be e Write or ap 

ur nearest BOARD OF mit DE LABOUR af 
HANGE, mentioning this paper and No. A 2439. 


Pingineering Pupil. a Tenmuay 


with Firm (Government Contractors) manu- 


4 








yr 

















a latest t: of machinery, oil and 
, &c.; moderate premium.—Address, 1, 
es of Evoueenna. * she, ENE 9 
A Large Firm of Engineers, 
af! ne Midlands, haye an OPENING for a 

good education as premium pupil, the 

case no “foslode both works and drawing office.— 
Address, 4359, Offices of ENGINEERING. 








SITUATIONS WANTED. 





orks Manager or Organiser 

OPEN for ENGAGEMENT. — Specialist 

in all details of mass production, Experienced 

in manufacture of aeronautical engines, specia} 

and standard machine tools, jigs and tools, &c.— 
Address, F 221, Offices of ENGINEFRING. 


orks Manager, Shortly 

DISENGAGED; thoroughly practical, 

ayrrerten experience; ex on moderm methods 

+P apanee uetion and labour-saving machine tools ; 

e repetition work. First-class organisin; 

ut ities strict, disciplinarian and controller o 
labour.—-Address, F 323, Offices of ENGINKERING. 


dvertiser, Graduate and 

A.M.1.C.E., SEEKS POST, public works con- 
struction; ineligible for service.—Address, F 260, 
Offices of ‘BNGINEERING. 


esponsible Work ‘Required, 
y Engineer with 30 years’ sea experience, 
and as Cevertaonet inspector at engineering works. 
Reciprocating and turbine engines, water tube 
boilers and hydraulic machinery.—Address, F 301, 
Offices of ENGINEERING. 


| Dig gy Desires Position }- 


as Assistant to Engineer or Manager. Been 

pecialising on internal combustion engines; two 

ears’ D,O. experience, and fair technica training. | a 

years be Government work.—Address, F315, Offices 
of ENGINEEEING, 


A Public School Boy (163), 
sound knowledge of mechanics, calc tue, 
WISHES to ENTER Engineering FIRM, London. 
Prospects of adivancement. _ Opportunity ts for ~~ 
earns classes. ao 
N 

















PATENT AGENTS. 





B MARKS 
atents "ar oaRtett 
fais, 


E. P. Alexander & 
Parent AGENTS, 
306, HIGH HOLBORN LONDON, W.C. 
2 (Retablished 1874.) 
Telephone: Central 7424. - Od 585 


Jensen and Son, <u 








A ggg wo ag PATENT AGENTS. 
and Trade Marksand 





1867). British, and Foreign 
207 ' 71, Chancery Lane, London, W.0. 


wg. E. iS 
CHARTERED PATENT AG 
‘70/71, Queen Anne's Chambers, Bn, 
Tothill Street, estminster, VF. 








PARTNERSHIPS. 





Partners 
Directors 
Businesses 


Factories 

for these apply to 
WHEATLEY KIRK, PRICE & 00., 
46, weting Street, LONDON, E.C. 


Manchester. 
26, Conner agers, Newcastle-on- “Tyne. 


Well- known Heating and 


Ventilating Specialists, established 10 

yar. North of England, on Admiralt Arm , and 
ice of Works list, DESIRES WOREING ART- 
— who could invest some capital to eed this 
rtant fession.—Address, first instance, F 259, 


ices of GINEERLNG. 


4994 











AUCTION SALES. 


Wheatley } Kirk, Price & Co. 


1 Bera 1850.) 


Auctioneers 
aND VALUBRS OF 4994 
ENGINEERING WORKS PLANT AND SsTOOK, 
46, WATLING STREET, LONDON, E.O. 
16, ALBERT 8@., 26, COLLINGWOOD 87. 
MANCHESTER. NEWOASTLE-ON-TYnx, 
‘Telephones & Telegrams at each Address. 


Me. Knight & Partners, 


LTD., 
AUCTIONEERS and VALUERS 


” to the Engineering Trades, 
27, Old Queen Street, 
Westminster, 8. W. 


SALES AND VALUATIONS CONDUCTED 
in all parts of the Kingdom. 


——Disrance no Opsacr,—— 





5457 
PARTNERS AND PARTNERSHIPS ARRANGED. 
CORRESPONDENCE INVITED. 








WANTED, &c. 





[the Proprietors of Patent 
25212, of 1912, for ‘‘Rolling Metal Bars,” 
DESIRE to ENTER into ARRANGEMENTS, for 
the purpose of exploiting the invention either by 
the sale of the patent or by the nt of licenses.— 
Address, BE. P. ALEXANDER & SON, Chartered 
Patent Agents, 306, High Holborn, London, oer 
310 


A dvertiser, now yw Representing 

tool manufac suseis, makers of lifting machines, 
of wood-working or metal- working machine tools, 
of industrial equipments and metal supplies; having 
10 years’ experience as traveller for important Paris 
firms, and excellent connections amongst large 
works, automobile factories, important mechanical 
engineering firms, naval shipbuildin yards, &c.; 
owning an office and a warehouse; having in his 
service agents in Paris end in the provinces, ant 
dealing with a very large turnover, 

DESIRES to ENTER into COMMUNICATION 
With British merchants, or well-established agents, 
or wholesale firms, to sell their goods in France, 
either from now or from the conclusion of hostilities. 

If possible, he asks that the British firms in question 
entrust him with a stock of their goods, if required, 
against a security 

Address, R. LAUN AY, 12, Rue de Lancry, Paris, 
10th Arrondissement. F 299 





A n Engineering Firm at 
present controlled and mapiorne on muni- 
tions of wan, DESIRES to RECEIVE Suggestions, 
Ideas or Particulars of Articles suitable to be 
Sener in this country after the war. 


APP CKERY’S PATENTS, Lrp., 
Devonshire Grove, 
Old Kent Road, 
“Londo don, 


Freecing Firm, with an 

o-date plant for drop forging, machining, 

ening repetition work, would like to get 
ae touch with anyone to whom their services 
would be of value alter the War. Would also be 
pre to consider the putting down of plant for 
the manufacture of a speciality.—Address, F 225, 
Offices of ENGUsRERING. 


8.E. F301 


| ess in the West Riding of 
Yorkshire are PREPARED, subject to the 
lof the Ministry of Munitions, to GIVE 
ORDERS for their standard lines of Lathes, 
Tin to 19} in., and Radial Drills, 3 ft. 6 in. to 6 ft. 
radius, and would We pleased to hear from firms in 
Lancashire or Yorkshire who can undertake the 
manufacture of such machines for reasonable 
deliveries: —Address, in first instance, F 292, Offices 
of ENGINERRING. 
- ondon’ Manufacturers of 
dg ig AND VARnIsaee nt ayn | in 
er for E 5 om bd 
POINT A . 
BE. eis. care of s 25, Graven House, 
Kingsway, 








F 270 


Wanted, by. Well: 
Oitices of BNOINEERING. 
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THE HARNESSING OF THE 
WINNIPEG RIVER. 
(Concluded from page 346.) 

WuatTEvER be the total extent of the resources, 
future projects are to some extent placed at a dis- 
advantage by the action of early forestallers, whose 
interests have now to be safeguarded. The general 
policy of the Water Power Board cannot be jeopar- 
dised, or even materially affected, by the under- 
takings already sanctioned; indeed, the existing 
installations will have rendered a distinct service 
if they make more prominent the need of rigorous 
supervision and control by disinterested authorities, 
who will ensure the treatment of the river power as 
a single unit, whose entire capacity is to be developed 
and exhausted for the benefit of the community, 
preventing waste of national resources. The existing 
monopolies are not planned on insignificant lines, 
they are worthy of a progressive community, and 
evidence skill and enterprise of a high order. The 
municipal power plant on the main river, and that 
of the Winnipeg Railway on the Pinawa channel, 
are permanent, well-considered structures, having 


TABLE I.—Panrricutars oF 





Distance 

from | 
Winnipeg 
in Miles. | 


Head 
in feet. 


Proposep PowEr-STATIONs. 
Power Available. 


| 
24-Hour Power at 75 per 


cent. Efficiency. Turbine Installation. 


| 12,000 cub. | 20,000 cub 
ft. per sec. ft. per sec. 


—- 
12,000 cub. 
ft. per sec. 





+ 


Pine Falls as 

Du Bonnet Falls 
McArthur Falls 
Lower Seven Sisters 
Upper Seven Sisters 
Upper Pinawa 
Slave Falls 


Total 








efficiently. In future development it is proposed 
to utilise this flow at an upper station on the 
Pinawa, necessitating the replacement of the diver- 
sion weirs by a controlled dam. 

Of later construction, and of still more imposing 
dimensions, is the Winnipeg Municipal Plant on the 





Fie. 3. 


an important place in thé plans of future develop- 
ment. The earlier established, that of the railway 
company, is capable of distributing 45,000 h.p., 
and this amount is not only easily absorbed, but 
auxiliary steam power and storage battery plant 
is needed as a supplement. We are only concerned 
now with the extent and manner of appropriating 
the water power from the general stock. The site of 
the power source is situated some 58 miles from the 
city on the Pinawa channel, a waterway-that has 


already been described as a high - water by-pass | 


between the main river and the Lake du Bonnet. 
Diversion weirs, which can act as free spillways, 
have been constructed to raise the water level to a 
sufficient height to divert the necessary flow down 
the Pinawa. This discharge is governed by a 
control dam, above which there is a pondage area 
of some 5,800 acres in extent. The control dam is 
24 miles above the power- station pond, and a 
channel or head race has been constructed to convey 
the water. Along this head race the current is rapid 
in consequence of a considerable drop in elevation. 
In this somewhat turbulent current during the winter 
the conditions are so favourable for the formation 
of frazil ice that the passage is liable to be choked, 
and the removal occasionally requires the use of 


explosives. Still, it is maintained that the experience | 


and promptness of the management prevent any 
inconvenience. Some of the illustrations, however, 
look alarming to the unaccustomed eye, and in any 
case this obstructive ice (see Fig. 3) is no doubt 
responsible for the variation in the available head, a 
source of inconvenience. The head is put at 39 ft., 
and though the data for estimating the flow are some- 
what uncertain, it would be unsafe to allow less than 


Icz ConpITIONS IN Prnawa CHANNEL. 


main river, 75 miles distant from thecity. Here there 
is a natural fall of from 28 ft. to 33 ft., variable owing 
to want of efficient regulation, that has been 
increased to 45 ft. Further, the site provides excel- 
lent foundation for dams, power-house, &c., and full 
jadvantage has been taken of such rigid support. 
| The works are so arranged as to permit of extension 
and have not yet reached their full development. 
The city is in possession of a very fine property, and 
has expended its funds with judicious foresight. 
The works have been described in detail in this 
journal, and it is only necessary to recall that the 
general plan is arranged, when working at ite fullest 
extent, to draw upon the entire flow of the Winnipeg 
river. This is a cardinal fact of great importance to 
be kept in view in all future schemes of development. 
When the project was designed the lowest recorded 
flow was 16,000 sec.-ft., and the design of the plant 
was based on that flow combined with local pondage. 


In a very few years, however, the discharge fell as | 


low as 11,700 sec.-ft., and we cannot doubt but 
that this minimum will again be when 
observations have been extended. With sounder 
judgment and greater experience the authorities 
have based their scheme on 12,000 sec.-ft. as the 
| minimum flow. It might appear, therefore, that the 
municipal plant would be over-developed on comple- 
| tion, and with this possibility overhanging, in the 
| interests of the city itself there can be no doubt 
|of the wisdom of proceeding with a scheme that 
| by vigorous and systematic regulation of the river 
| would increase the flow to 20,000 sec.-ft. To effect 
|such an available increase is an economic work of 
| vital importance that should not be delayed. 

| Relying 


on such a supply with a 45-ft. head, the | 


| 24-hour h.p., and with the advantages of a 6,500 
acre pond the actual power available on a peak load 
would far exceed that quantity. A four-hour peak 
of 125,000 h.p. would draw on the local pondage to 
the extent of 0-6 ft. only, and this is considered 
practicable, provided the 20,000 sec.-ft. minimum 
is attained. 

There are other hydro-electric stations working 
|in the basin that must be considered in a general 
control. In the neighbourhood of Kenora, on the 
eastern outlet from the Lake of the Woods, small 
undertakings are being increased in size, and, far 
to the south, Fort Frances on Rainy Lake, and 
other sites on Lake Namaquam, though remote, 
have interests that have not been ignored in the 
comprehensive plan which may now be sketched. 

Bearing in mind these restrictions, and that the 
river is classed as a navigable stream, requiring that 
the provisions of the “‘ Navigable Waters Protection 
Act” must be observed, the power available is still 
very considerable. We are not justified in including 
the resources of the English river and of Lac Seul, 
for though these are at an easily accessible distance 
from Winnipeg, the Province of Ontario has the 
first claim to them. There remains practically the 
entire unused river fall in Manitoba between Lakes 
Winnipeg and Du Bonnet, with some additional 
developments on the loop between the Point du 
Bois falls and the southern side of the Du Bonnet 
Lake. It is suggested that along these two branches 
of the river the power can be conveniently and 
economically concentrated into seven stations, as 
already mentioned, with a minimum output of 
175,000 continuous 24-hour h.p, under present 
conditions of flow, and of a possible 313,000 h.p. 
with the river regulated to 20,000 sec.-ft. minimum 
(see Fig. 4, page 374). The prime details con- 
nected with these stations, intended to give, on full 
development, more than 420,000 h.p., can best be 
exhibited in tabular form, as given above in Table I. 

No installation is given for the Lower and Upper 
Seven Sisters site, with 12,000 sec.-ft. discharge, 
because it will not be profitable to proceed with the 
development of the Seven Sisters reach until such 
time as the river has been regulated and the 20,000 
sec.-ft. made available for use. The remaining 
items of the table call for no remark. 

The estimates of cost and the deductions as to 
the price per horse-power must, of necessity, be 
approximate. It is not intended that the designs 
and lay-out proposed and the equipment suggested 
should be rigidly adhered to as final contracts, but 
the basic elements depending upon head and tail 
water elevations, discharging capacity and stability 
of dams, sufficiency of power-houses and contingent 
structures, will be maintained as proposed in the 
interests of the complete river development scheme. 
| Owing to this elasticity in minor matters, the design 
| and estimates have been worked out only in sufficient 
| detail to permit a fairly accurate estimate of the 
quantities and costs involved. As a rule, too, no 
| allowance has been made for transformation and 
| transmission. The costs represent the approximate 
| capital expenditure to place the power on the low- 
| tension switchboard at each station. With these 
| reservations, Table II, page 374, will be intelligible. 

In consequence of the intentional over-develop- 
| ment at each site, the unit costs have been exhibited 
in terms of the horse-power installed, as well as in 
terms of 24-hour power. From either calculation 


8,000 sec.-ft. to pass in order to operate the plant! turbine installation designed would give 83,200| the advantageous position occupied by the Du’ 
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arm P Queane sure of their ground, for they make and recommend 
mse SA, Tava i. Bormuaren Cost 7 eee 1 tenancies Mata Re aa! | no provision for auxiliary plant to bridge over times 
| Capital Cost on Low-Tension Switchboard. | of low water or break-down of machinery. Damage 
cesta Ss fae are | to the transmission line or accident to the generating 
lant are losses that are certain to occur sooner or 
Horse- Basis 'P 
Site. | Total. Cost. of 78 per cont. ‘EMeiency, Per es basis | later, and can be provided against by duplication ; 
24 h.p. F but these annoyances, particularly irritating when 
| " PSone PN Be 8 te i Ym RO interrupting lighting or traction machinery, do not 
2,000 le 20, ° 2, 20, ub. ‘ cub. 2 
is apy | sar aoa is onan. oS por eve. fh. per ane. “ cor one arise from a generically defective system. One may 
SA Se Rt ats ROR SA A ilctab ers Rs Bete moe a. 3 have, however, a valuable commodity, certain in 
Dols. Dols. Dols. Cents. | Dols. Cents. | Dols. Cents. | Dols. Cents, | tion and readily produced, and yet find that, 
Pine Falls som *: 9,053,008 . eae = - = a = ~ “ * owing to local circumstances or the necessities of 
McArthur Falls. 2,031,000 | 2,740,000 110-38 89 25 73 «88 64 47 manufacture, he can be undersold by competing 
Lower Seven Sioters — Hote om 4 = ae 4 S producers. Such instances occur, for example, when 
i 1,280,000 1,280,000 106 O07 | 104 07 2 71 11 __ it is advantageous to generate gas from cheap coal, 
Slave Falls 2,327,000 3,436,000 87 50 77 = (39 58.20 52 86  orcheaper peat, for fuel as well as for power, obtain- 
Total . 18,319,000 24,547,000 am = ai ade ing perhaps some further compensation from by- 
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Bonnet site, due to the high head of 56 ft., is 
apparent. The capital cost of $68-60 per horse- 
power compares very favourably with that of the 
McArthur Falls, where, on account of the low head, 
in conjunction with the long dam and headworks 
required, the cost rises to $89.25 per horse-power. 
Under a higher regulated flow the two Seven Sisters 
and the Upper Pinawa sites are to be regarded as 
very attractive commercial propositions. 

The annual operating costs are to a certain extent 
tentative, and experience would teach us to scru- 
tinise them closely. They appear moderate, but 
Mr. Johnston points out that they represent condi- 
tions which probably would not obtain upon the 
immediate completion of the undertakings. On the 


other hand, some compensation may be expected 


from the ample pondage that exists, permitting a 
very heavy peak load to be carried for short 
intervals. Table III, annexed, shows the approxi- 
mate figures. 

Manitoba is to be congratulated on possessing a 
fine property, presumably of easy development, and 
one that will stimulate the progecution of all indus- 
tries that require cheap powér. A contemplated 
expenditure of 25 million dollars does not frighten a 
progressive colony, and such an outlay will be wise 
if it excludes the interference of the capitalist 
middleman between the original water-power and 
the consumer. But it must be remembered that the 
provision of cheap power does not solve all problems. 
There have been cases in which it has been preferable 
to pay higher for current from a more distant source 
than to use that near at hand, when the cheaper 
was hampered by frequent interruptions and expen- 
sive disturbances. Here, again, the engineers seem 


Site. 


12,000 cub. 
it. per sec. 
Dols. 

Pine Falls .. oh 303,000 

Du Bonnet Falls .. 433,000 

McArthur Falls ‘: 199,000 
Lower Seven Sisters — 
Upper Seven Sisters — 

Upper Pinawa 128,000 

Slave Falls 228,000 

Total 1,291,000 


Mean (based on power output) .. — 


20,000 cub. 


Tasie III.—Estimatep Costs or OPERATING PRoPosED Power STATIONS. 


Annual Operation Cost on Low-Tension Switchboard. 


Total Annual Cost. 


ft. per sec. 


2,416.000 


Dols. 
447,000 
635,000 
272,000 
328,000 
268,000 
128,000 
338,000 


Per Horse-power on Basis 
of 75 per cent. Efficiency, 
24 h.p. 


Per Kilowatt-hour 
100 per cent. Load Factor. 


20,000 cub. 12,000 cab. 








12,000 cub. 20, 000 cub. 
ft. per sec. ft. per s>c. ft. per sec. ft. per sec. 
Dols. Cents. Dols. Cents. Cents. Cents 
38 0 7 8 0.122 0.108 
7 56 6 65 0.116 0.102 
10 82 8 86 0.166 0.136 
_ 8 65 _— 0.132 
a= 9 05 — 0.138 
10 40 10 40 0.159 0.159 
8 58 7 62 0.131 0.117 
8 47 7 71 0.130 0.118 





Taste IV.—Taste SHowrne Comparative Costs or Fuet~Power In WINNIPEG WITH POWER FROM 
fas Fours ror A Prant or 500 H.P. 
Per Horse-power Year. Per Kilowatt-hour. 
oe 
Installed Load Factor. Load Factor. 
Complete. 
| 25 per cent. | 50 per cent. 75 percent. 25 percent. 50 percent. 75 per cent 
Dols. | Dols. Cents. Dols. Cents. Dols. Cents. Cents. Cents. Cents, 
Steam 42,500 | 52 50 87 50 115 0 3.22 2.68 2.32 
Diesel oil 55,000 35050 550s «50 75 «6050 2.18 1.70 1.54 
ucer gas ow 50,000 42 50 70 0 97 0 2.60 2.13 1.97 
Hydro-Electric— 
12,000 cub. ft. per sec... - 12,000 15 0 15 35 15 70 0.66 0.57 0.54 
20,000 cub. ft. per sec... ee 12,000 13 30 13 +70 14 «(110 0.60 0.51 0.48 
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between the cost of hydro-electric power in Winnipeg 
and that of fuel power from other sources, as steam, 
Diesel oil machines, and producer gas. Natural gas 
is not available. The results, based on colonial 
prices of labour and materials, being interesting, are 
exhibited in Table IV, ‘annexed. They refer to a 
moderate plant of 500 h.-p., and the costs include 
the interest on vested capital, loss by depreciation, 
and cost of maintenance. In the case of electric 
plant the power is produced at a typical site and 
delivered at a terminal station in the city of Winni- 
peg, transformed down to 2,200 volts pressure. Fuel 
oil is reckoned at 9 cents per Imperial gallon, and 
coal (Pittsburg run of the mine bituminous coal) 
at 6.25 dols. per ton. The capital cost of installation 
of hydro-electric power is put at 24 dols.; steam 
at 85 dols. ; Diesel oil plant at 110 dols., and pro- 
ducer gas at 100 dols. per b.h.p. 

In comparison with fuel power, the electric 
appears cheap, but is still far dearer than in Norway, 
where electric energy is supplied at a total cost of 
4 to 8 dols. per horse-power year, but it is about the 
same rate as at Niagara Falls. The price would 
probably prove prohibitive for the production of 
fertilisers, of which Manitoba may stand in need in 
a few years, but could probably be successfully 
employed in the manufacture of nitric acid, if the 
cost of transportation permitted such a chemical 
process to be prosecuted. 

Finally, it is immaterial how cheaply electric 
energy can be produced if there be no market for it, 
and though it is not possible to establish a fixed 
ratio between power required and extent of popula- 
tion, it is safe to say that a few years ago the small 
community of Winnipeg would have had no use for 
such schemes as that set forth. To-day the condi- 
tions are different. In the last ten years the popu- 
lation has more than doubled; there are no signs 
of a pause in progressive development, and, like 
other districts in Canada, that of Winnipeg has 
shown great appreciation of distributed mechanical 
power. In this respect the position of the Dominion 
is a proud one. While the ratio of power developed 
per square mile does not compare with Switzer- 
land, Norway, Italy or Sweden, and other countries 
smaller in area or more advanced in settlement, 
in the ratio of power developed to population only 
Norway occupies a more prominent position. The 
development per capita for the two countries, 
Norway and Canada, is respectively 487 and 210 h.p. 
per 1,000 population. The distribution throughout 
the Dominion is naturally not uniform, and in 
Manitoba the ratio falls to 111 per 1,000 population. 
This smaller average admits of easy explanation. 
First, the fairly steady discharge of the rivers and 
their slow but uniform fall do not lend themselves 
to a cheap and immediate development of power 
from water, and, secondly, the grouping of the 
people into industrial centres within easy and con- 
venient transmission of the power sources is more 
difficult of attainment where agriculture is the 
main industry! Nevertheless, within the last eight 
years the load expressed in kilowatt-hours has 
advanced from 8,000,000 to 136,000,000, and it is a 
fair inference that in a few decades the entire out- 
put from the river can be absorbed by the city alone. 
That this view is based on a firm foundation is 
demonstrated by the number of factories that have 
sprung up, the great railway centre that has 
developed, and the practically unlimited market 
for manufactured products that has so rapidly 
established itself in the centre of the Continent. 
Mr. J. R. Freeman, the eminent consulting hydraulic 
engineer, who has helped to forward so many 
gigantic schemes in the United States, reported in 
1911: ‘‘ While water power opportunities on the 
Winnipeg river may a very few years ago have 
appeared so far beyond possible use that ordinary 
economies were unnecessary, it is, I believe, plain 
to-day beyond serious question that all of the 
remaining opportunities for power should be care- 
fully conserved and only developed under such 
conditions as will not necessitate any great waste 
or the impairment of remaining opportunities.” In 
this spirit of true economy and judicious foresight 
the Water Power Branch of Canada has put forth 
to the world this report, amply illustrated with 
exact plans, advertising what advantages they have 
to offer and at the same time demonstrating their 
fixed intention to carry out an enlightened policy 








that will safeguard the interests of the people and 
promote the industrial and» commercial prospects 
of the entire province. 





THE BRITISH ASSOCIATION. 
(Continued from page 349.) 
SECTION B.— CHEMISTRY. 


Future oF THE SynTHETIC CHEMICAL INDUSTRY 
In GREAT Brita. 

Mr. F. H. Carr, F.L.C., of Nottingham, followed 
the delivery of the President’s address with a 
memoir on “Some Aspects of the Future of the 
Synthetic Chemical Industry in Great Britain,” 
emphasising, like the president, the question of 
training. 

Since the outbreak of the war, and indeed before 
the war, he said, the question of how to assist the 
development of British chemical industry by co- 
operation in both research and industry, and by 
systematic organisation in matters financial, manu- 
facturing and educational, had been so much dis- 
cussed as to weary chemists. He wished to confine 
himself to the synthetical chemical branch and to 





deal with the educational aspect, of which chemists 
might be most wearied. Because he was not an| 
educationalist he was bold enough to come before | 
them with fresh and heterodox proposals. The) 
present situation was that many dyes and drugs, 
for which a demand had largely been created by | 
Germans, had attained a position in which they) 
had become imperative needs. The enormous 
rise of prices had temporarily opened the way | 
to their manufacture over here; what was re-| 
quired to make that branch flourish and expand ? | 
The manufacture of synthetic chemicals was peculiar | 
in one respect. A great diversity of operations | 
involving expert knowledge had to be carried out | 
in the preparation of a compound the demand for | 
which was so small that the manufacture could not 
continue all the year round; for economic reasons 
different compounds had to be made at different 
times. That diversity rendered co-operation be- 
tween manufacturers necessary, so that intermediate 
products of more general demand could be made 
on a large scale. Mr. Carr, however, wished to 
focus attention on the training of the men to carry 
on and to direct such manufacture. 

The works chemist did not enjoy the standing 
of the medical practitioner or civil engineer, though 
his education should at least be equally lengthy. 
The industry required men of ability, character and 
courage, and their position should be improved. 
It was anomalous and unfortunate for technical 
progress that the earning capacity of the man on the 
technical side was inferior to that of the man on 
the commercial side. Partial payments by results 
should be more general; it had worked well for 
employer and employed on the Continent. That 
the chemist should be trained both in college and 
factory they all agreed. But how? To answer 
that question they had to discriminate between two 
classes of workers: (1) technically and scientifically 
trained departmental managers, and (2) expert 
operatives. The men of the first class had actually 
to direct the operatives’ class on the spot, to tell 
them what to do when a reaction went wrong. To 
harvest from daily observations accumulative 
experience of practical detail was the secret of 
success, of high yields, diminished labour and 
discoveries. The manager required engineering as 
well as chemical training, and, further, intelligence 
and initiative in a wider sense than the research 
chemist stood in need of. The industrial chemist 
should not starve his research instinct, but had to 
interest himself also in the saving of materials, fuel 
and labour, and that type of training our educa- 
tional system seemed to lack most conspicuously. 
That point was fundamental to the solution of the 
problem. 

University education had to be supplemented in 
some way. The graduate, including the B.Sc.Tech., 
generally understood even less how to apply his 
knowledge than his employer did how to utilise it. 
The chemist, in his caged laboratory, was held at 
arm’s length from manufacturing operations, and 
his lack of self-confidence increased his difficulties. 
The foreman’s rule-of-thumb knowledge—to which 





great respect was due—was regarded by the 


manager as a bulwark not to be shaken by any 
theoretical considerations, however plausibly put 
forward by the chemist, and experience often 
justified that, because the first failure of the 
chemist was considered proof of incapacity in- 
stead of being accepted as first stepping-stone to 
success. The chemist must either gain knowledge 
by risking mistakes or remain insignificant in his 
laboratory. In Mr. Carr’s opinion neither the 
research laboratory nor the industrial establishment 
could impart the training required to help the 
chemist out of this dilemma. Competitive industrial 
concerns certainly could not; there was the fear 
that the chemist should pass on secrets, real or 
imaginary. The chemist wanted to learn how to 
apply chemistry to manufacture, as the engineer 
had to apply physics. The history of industrial 
processes, the economics and the accountancy of 
chemistry, mathematics and engineering applied to 
chemistry, might be taught like electricity and 
electrical engineering. The scheme Mr. Carr wished 
to propose applied exclusively to students who had 
passed through a full college curriculum. It in- 
volved formation of one or more technological 
colleges of a new type, the college to be nothing less 
than a manufacturing concern, the course to extend 
over two years. The student would spend a can- 
siderable amount of his time in actually manufactur- 
ing those products concerning which the ordinary 
manufacturer had little trouble. The college would 
need a large permanent staff, with power of dis- 
missing students who did not qualify in successive 
stages, and should insist on at least eight hours of 
attendance daily and short holidays. The college 
equipment should comprise store rooms, fitters’ 
shops and a power plant generating steam, gas and 
electricity under conditions admitting of daily 
computation and control of efficiency, so that the 
student would learn to approach chemical operations 
quantitatively as to the value of raw materials, 
yield, heat and power absorbed, and time and labour 
expended. 

Before entering into further particulars, Mr. Carr 
said that the institution would in exceptional cases 
only (e.g., in brewing and tanning) be able fully to 
teach the methods of manufacture of particular 
products. In his first year the student would spend 
some time in the analysis of intermediate and 
finished products to learn the value of standards of 
perfection and of reputation. He would also attend 
courses on applied mathematics, physical chemistry, 
machine construction and drawing, &c., and take 
his turn in the workshops, in stoking, engine-driving, 
lead burning, &c. Lectures on steam-raising and 
power production would come in the second year, 
while the student watched and helped his seniors 
in manufacturing inorganic compounds, under strict 
discipline as regards time and quantitative results, 
and while he was taught how to deal with auto- 
claves, furnaces, compressors, vacuum pans, filter 
presses, &c. Arrangements should be made for 
the students to attend practical courses in actual 
works, without interference with those works. 
For all this it was essential that the staff should 
consist of men of ripened works experience, not 
merely laboratory experience—one of the chief 
difficulties of the scheme, we think, about which 
very little was said. As regards the substances 
manufactured, the student might partly be occupied 
in making potassium bichromate, arsenic, and 
hydrogen peroxide from raw materials, and partly 
in isolating and purifying tar products, sugars, 
caffeine, &c., taking up synthetic processes in the 
second year. The compounds manufactured would 
be those required chiefly by colleges and research 
laboratories, to be stored and sold by the college. 
Thus industrial efficiency would be infused, and the 
country be made independent, at the same time, 
of Germany as to pure chemicals—a subject with 
which Mr. Rintoul dealt afterwards. That scheme 
would not give serious offence in conimercial 
quarters ; for the monetary value of fine chemicals 
was of too little account in this country. We do not 
follow Mr. Carr here; for the very scheme he 
advocates is to alter all this, we thought. But he 
continued that if a manufacturer should complain 
against unfair competition by a privileged institu- 
tion, the college would drop an article which the 
manufacturer supplied in adequate purity. 

The long training, two or more years after taking 
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a degree at college, would be objected to, Mr. Carr 


chemistry, mathematics, machine construction and 
mechanical drawing would have to extend over four 
years. In addition to modifying the secondary 
schools the Government should immediately adupt 
compulsory continuation of primary-school educa- 
tion ; at least 8 hours per week should be spent 
| until the age of 18. 

As regards medicinal drugs in particular, Mr. 
Carr suggested that to overcome the conservatism 
| of medical men and to help them in their difficulties 
as to new remedies, institutions, universities and 
hospitals should co-operate in performing physio- 
logical and chemical tests, and that a medical 
research committee should report on new drugs. 
He concluded by asking chemists to work out their 
own salvation, trusting to Government to give 
the needed assistance. 


proceeded. But the training of the medical student 
often took a longer time, and Mr. Carr emphasised 
that no student in this college should proceed to 
his second year unless he had merited promotion, 
and that second year’s students might receive 
a small remuneration. Manufacturers now paid 
salaries to chemists who were trying to teach them- 
selves what this institution would teach more 
quickly, and there was no doubt that more money 
would have to be spent on the chemical industry 
than was spent now. The Government would have 
to supply the buildings and equipment, and the 
manufacturers to endow the institution. 

Passing to the training of the expert operative, 
Mr. Carr considered that he would, for the present, 
chiefly have to be trained in the factory as before. 
The lack of an established apprenticeship system in 
chemical industry was much to be regretted. The 
research and analytical laboratories of works could 
be utilised for training selected boys from primary | 
and secondary schools in evening classes, if the 
firms only engaged such boys and paid their fees. 
But that plan had many limitations. Our secondary- 
school methods often failed .amentably to produce 
vouths suitable for industria? careers. The Board 
of Education did not give the schools latitude as 
to the particular industries of a district, and there 
was not sufficient differentiation at the age of 13 
in the training of boys of different aptitudes. The 
discontinuance of the old mechanics’ institutes had 
been a real loss ; such institutes might train boys, 
selected on the lines on which students proceeding 
to the commercial course of some secondary schools 
were selected; the course in physics, mechanics, 


THE PREPARATION OF CHEMICALS ror LABORATORY 
Use. 


Mr. W. Rintoul, F.1.C., of the Nobel Research 
Laboratory, Ardeer, opened his paper on “ The 
| Preparation of Chemicals for Laboratory Use” by 
remarking that the reagents and materials, the 
purity and reliability of which was so essential to 
| their science, had in the past been obtained princi- 
| pally from German sources. That was not a matter 
for reproach. So long as their energies had had full 
scope in more productive fields, and so long as the 
|supply of those bricks and mortars of chemical 
jseience had remained satisfactory, it had been 
|economically sound to accept the position which 
| had arisen. 


Of late, however, the quality of those | 


\supplies had deteriorated, while the importance | 
of the industries involved had increased, and in the 


future they must in the British Empire make them- 
selves independent of German supplies as far as 
possible. With one or two exceptions the raw 
materials for the preparation of laboratory reagents 
could readily be obtained in the Empire, and if the 
necessary knowledge and skill were made available, 
this growing industry need not long remain in foreign 
hands, so far as the requirements of this country 
were concerned, at any rate. Yet the difficulties 
to be overcome should not be minimised. In the 
case of an entirely new industry one was often 
hampered by the lack of available information and 
the need of investigating each step. In the case of 
chemicals the difficulties were of an opposite nature. 
An enormous literature had already grown up on the 
preparation and properties of the reagents; but 
much that was written, especially in text-books, 
was inaccurate, misleading and embarrassing rather 
than helpful ; one writer copied from the other, and 
even when a statement was disproved it was difficult 
to persuade an author to take the responsibility for 
a corrected version. Mr. Rintoul quoted examples 
concerning the preparation of phthalic acid, &c. 
When the preparation of reagents had been decided 
upon, the literature had to be studied in a dis- 
criminating spirit before # programme of experi- 
mental work for testing the methods could be drawn 
up. The volume of experimental and research work 
was such that the industry would obviously not 
lend itself to immediate adoption on a large scale. 
As every new substance taken up called for new 
research, a fully equipped and staffed research 
laboratory was required. But the need for research 
would fall off as the industry grew and would 


| become spasmodic, so that periodically other work 














Oct. 20, 1916.] 


ENGINEERING. 


377 


ELECTRICALLY-DRIVEN MACHINE TOOLS FOR MUNITION WORK. 


CONSTRUCTED BY MESSRS. CRAVEN BROTHERS, LIMITED, ENGINEERS, MANCHESTER. 


Fie. 3. Dousitz-ENpDED Gun-TuBE anpD SHaArt-Bortmnc MAcuHIne. 


would have to be found for the research staff. For | 


this reason the preparation of pure chemicals 
should be undertaken under conditions which would 
permit of making use of some research industrial 
laboratory at present in existence rather than that 
the new industry should be saddled with the expense 
of a large, at times partially employed, research 
section. The research work required need not be 
confined to technical laboratories. Closer connec- 
tion between university and industry was every- 
where urged, though difficult and impracticable in 
the case of some highly-specialised processes. In 
the case of pure chemicals the work would be adapted 
to academical conditions, and the association would 
be beneficial to both sides, and of value as an educa- 


tional implement and as means for the solution of | 


technical problems. The work of the university would 
embody drawing up reports describing the best 
methods in detail, having in view the purity and— 
a point often overlooked by academical workers— 
the economy of the methods. At the present time 
the analytical knowledge and skill of the average 
university graduate were far from satisfactory. If 
some of the rather pointless communications of 
doubtful scientific value coming from the universities 
were replaced by authoritative statements on even 
the comparative value of methods for the prepara- 
tion of important compounds, the net result would 
be a material gain for the country. Universities 
were now endeavouring to turn out graduates 


(For Description, see Page 378.) 





equipped for technical work; investigations of | 
practical bearing were becoming more general, and 
if manufacturers were brought into touch with 
senior students they were in a better position 
subsequently to select chemists for their special | 
requirements. The co-operation between university 
and industry would, moreover, lead to the discovery 
of valuable processes. That point was important 
also because the preparation of pure chemicals did 
not involve large sums nor promise large returns. 
Many a time a subsidiary, unlooked-for discovery 
had dwarfed the solution of the original problem 
into insignificance. In this respect some agreement 
would have to be arrived at as to the ownership | 
of discoveries arising out of the study by the 
university of a problem suggested by an industry. 
With such co-operation the value of a discovery | 
would not be lost because the inventor did not | 
know where and how to utilise it. 

As regards purity of reagents, the Institute of 
Chemistry and the Society of Public Analysts had 
last year taken a step in the right direction by 
issuing a pamphlet on “Reagents for Analytical | 
Purposes.” Nothing was more annoying than to 
find that a whole research was of doubtful value or | 
wasted because a reagent contained an unsuspected | 
impurity. Mr. Rintoul quoted examples, both of | 
bad impurities and of the refinement attainable, the 
latter from the records of the Nobel research labora- 
tories at Ardeer, where he is working. Some years 


TA 


Fic. 4. Rrrumve_Macutne For 3-mN. and 4.8-1n. Guns. 


ago certain discrepancies had been observed in their 
analyses and had been traced, after a rigorous 
investigation, to variations in the purity of the 
substances used for the preparation of volumetric 
solutions. To set this matter at rest, they decided 
to adopt one substance as “ultimate standard ”’ 
(for their laboratory), and after consultation with 
the National Physical Laboratory, which had given 
valuable assistance, they had selected silver as the 
ultimate standard ; as silver could not directly be 
used for the standardisation of acids, &c., sodium 
carbonate and iodine had been selected as working 
standards. The work had to be done with the full 
care of atomic weight determinations, of course, 
and the sodium carbonate had caused much trouble. 
Mr. Rintoul gave complete particulars. Taking the 
purity of the silver they had purified at 100, that of 
their iodine was 99.99 and that of their soda 99.93 ; 


| their supply of these standards would last for many 


ears. 

4 lt was now proposed, Mr. Rintoul continued, to 
utilise the organisation of the Ardeer laboratories 
for the purpose of rendering these chemicals of 
reliable purity available to other laboratories. 
During the war, however, the new department was 
engaged in producing certain materials wanted in 
small quantities for the Government. Later on 
they intended to supply chemicals, including, ¢.g., 
the basic materials for the preparation of bacterio- 
logical stains. But purity being the main object 
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the operations would not be carried out on a large 
scale, and a special manufacturing laboratory had 
been equipped for this work. Each finished material, 
whatever its size, would be given a lot number to 
identify it as a unit. A sample of each lot would be 
analysed, as if it had come from outside; if the 
analysis were satisfactory, the results would be 
printed on the labels of the bottles to be issued to 
chemical dealers, and it was intended to specify, 
so far as possible, the impurities detected and not 
only the percentage of the pure substance. That 
scheme was of the nature of an experiment, and in 
the initial steps only a few substances could be dealt 
with ; but the scope would extend. 


Tae British Coat-Tar Cotour InpusTRY IN 
PEACE AND IN War. 

Mr. C. M. Whittaker, B.Sc., of British Dyes, 
Limited, introduced his paper of the above title 
by remarking that the present national circum- 
stances prevented his-entering into detail which 
would be interesting and which would redound 
to the credit of British industry. He had, moreover, 
given technicalities in a recent paper read before 
the Society of Chemical Industry at Edinburgh. 
The British coal-tar colour industry founded by 
Perkin’s discovery of 1856 had experienced a period 
of great prosperity in its early days and then declined, 
one of the reasons being that money was easily made 
in those days, and the owners had been content to 
enjoy the fortunes they had acquired. The industry 
had never become extinct, but it had sunk to its 
lowest depths about 1898 to 1900. It had then 
recovered till, in 1915, its competition had been 
increasingly felt by German firms, which, just before 
the war, had subjected British firms to a severe 
price-cutting campaign, because British competition 
in sulphur and direct cotton blacks had reduced the 
German conventions to nullity in those two classes 
of colours. The improvement had been brought 
about by enlightened management and a gradual and 
unobtrusive modernisation of works and methods. 
Without that revival the building-up of an industry 
on a national scale would have been infinitely more 
difficult, whilst the panic in the dyeing trade at 
the outbreak of the war would have jeopardised the 
dyeing of the clothing equipment required by the 
military authorities. The fact that a private firm 
like Read, Holliday and Sons had paid dividends of 
10 per cent. for 5 years previous to the war showed 
that it was possible for a British firm to make a 
successful fight against German competition ; that 
favourable omen was ignored by the critics, who 
were untiring in their gloomy forecasts of failure 
for the present efforts. 

Mr. Whittaker wished to take this opportunity 
of destroying some of the fallacies concerning 
British firms which were still persisting in some 
quarters. He had for the last 15 years been in 
charge of the experimental dye-house of the firm 
mentioned, which was now absorbed in British 
Dyes, Limited. One of his duties was to supervise 
the matching of patterns sent on by customers ; 
50,000 patterns and samples had been passed, 
not a single pattern was ever charged for, and. yet 
it had been stated during the last three months 
that one of the greatest mistakes of British pre-war 
firms had been to charge for pattern-matching 
whilst German firms made no such charge. They 
had also been accused of not issuing pattern cards 
and circulars, whilst they issued them in five 
languages and had, in 1906, already prepared 
manuals of dyeing instructions in three languages 
(including Italian and Japanese). Then British firms 
were charged with not sending “ experts” to visit 
customers’ houses when desired; that was wrong, 
though German experts were naturally more 
numerous than British, as their scale of operations 
was larger; the German expert, moreover, was 
welcomed, whilst the British expert was told: 
“We would not use your colour, if you gave it 
us.” The British people were remarkable in 
depreciating the efforts of their own countrymen. 
It was forgotten, for instance, that the Holliday 
staff had introduced the hydrosulphite vat for 
indigo-dyeing, a French invention (Schiitzenberger- 
Lalande). Since 1901 he and his expert staff had 
gone out to scores of places to help over difficulties 
in dyeing practice, and they had quite recently been 
able to prove in one case that it was the water of the 





firm in question, and not their dyes, that had caused 
stains. 

At the outbreak of the war the principal British 
firms engaged in the coal-tar colour industry had 
been: The British Alizarine Company (orange, red, 
and blue dyes principally); the Clayton Aniline 
Company, which had been absorbed by the Society 
of Chemical Industry of Basle, though located in 
Great Britain; Levinstein, Limited, Manchester ; 
Read, Holliday and Sons, Huddersfield. Having 
again referred to the gross mis-statements, which 
found some explanation in the relative smallness of 
the British industry, Mr. Whittaker stated that in 
1913 Great Britain had im coal-tar colours 
to the value of 1,946,7241., of which 1,800,000/. 
were estimated to’ have come from Germany; a 
large portion of these products, however, had gone 
farther—to India, Australia, South America and other 
countries. The British firms probably did not then 
control much more than 500,000/. in capital; how 
were they to face the competition? The task was 
economically and physically impossible of immediate 
execution in peace times, and a hundred times 
more impossible in the midst of the greatest war. 
The chief difficulties standing in the way of a rapid 
expansion of the industry were: (1) British industry 
had bought most of its important intermediate pro- 
ducts on the Continent ; (2) shortage of trained per- 
sonnel ; he doubted that there had, in 1914, been 20 
British chemists of actual up-to-date experience in 
commercial coal-tar dye manufactures; some of these 
had been diverted into making explosives, and there 
was no reservoir of trained personnel from which to 
draw ; (3) the expansion of the works demanded 
manufacture of plant requiring copper and lead (two 
war materials), and the general shortage of labour. 
(4) The enormous demand for high explosives, which 
relied on the same raw materials as dyes, sulphuric 
acid and nitric acid, and also benzene and toluene. 
to which Mr. Whittaker referred under (6). (5) The 
demand for dyestuffs (mordant yellow, brown and 
green, and sulphur black) for uniforms (also Italian 
and Russian), methyl violet for typewriter ribbons, 
and soluble blue for inks, &c. In December, 1915, 
his own firm had supplied 145,000 lb. of dyestuffs 
for khaki wool; these dyestuffs, he emphasised, 
were quite as fast to light, wear and exposure as any 
German materials, and the British dyers deserved 
their share of credit for the excellent equipment 
of the British Army. (7) Dye manufacture was 
extremely laborious, the so-called common black 
being the product of 21 chemical operations. 

Mr. Whittaker’s remarks about the future of the 
British coal-tar industry were chiefly devoted to a 
condemnation of the pessimists who had predicted 
ruin to the British motor trade, had denounced the 
inefficiency of the British aeroplane, and prophesied 
at the beginning of the war disaster to the textile 
and dyeing trades, which were now more prosperous 
than ever. When he thought of the army of 
German research chemists he was amazed, not at the 
results they had attained, but that the results were 
not much greater. The British chemist would do 
equally well. But the future depended upon the 
good will of the consumer as well as upon the 
industry. If the British consumers were honest 
in their expressed desire not to buy German dyes 
again, they would find many dyes on the British 
lists, and those lists would grow rapidly in the future. 

The discussion of these papers on the British 
chemical industry was adjourned till the following 
day, when Dr. J. E. Stead spoke first. He said that 
the manufacture of iron and steel was essentially a 
chemical industry, and in his experience of that 
industry the best engineers were trained in evening 
classes. Such classes served to select the men who 
were capable of better work from those who could 
not be trained. He did ‘not quite agree with the 
suggestion of having works attached to the college, 
but in making that statement he assumed that the 
important works of the neighbourhood were open 
and available for educational purposes, as was the 
case at Sheffield. Professor O’Shea, of Sheffield, 
also referred to the system in use in Sheffield, where 
the university and the works of the district were in 
close connection; he added, however, that in the 
majority of cases the preliminary training of evening 
students was not sufficient to enable them to take 
full advantage of the teaching offered to them. 
Professor R. Robinson, rising next, considered that 


research in pure science and in applied science should 
be kept distinct. Whilst research in applied science 
was usually directed towards some definite object, 
the essential feature of pure research was that it 
could not be controlled, but must follow the direc- 
tion towards which the investigator felt himself 
impelled. We confess that we side with Professor 
Henderson in considering the boundaries between 
research in pure and in applied chemistry as merely 
traditional. No fruitful research can be really 
uncontrolled ; no investigator will find assistance 
or guidance unless he be able to indicate, however 
generally, what he is aiming at. The object may 
be indefinite, merely to trace the entirely unknown 
cause of some obscure disturbance, for instance ; what 
appears to be a purely theoretical line of research 
at the time, the future may prove to be an impor- 
tant technical problem. 

Dr. C. H. Desch said that evening classes could 
not be satisfactory as a means for training men for 
the more responsible posts. The students, coming 
to the classes after a long day in the works, were 
too tired to take full advantage. In some trades 
in Germany it was compulsory on employers to allow 
workers of certain ages to leave early in the afternoon 
to attend classes which finished early in the evening. 
Students of engineering in the Scottish universities 
had a great advantage in having, as a rule, served 
a part of their apprenticeship before entering their 
classes, and they were continually kept in practice 
by the “sandwich system,” each student spending 
alternately six months in the college and six months 
in the works. If something like the apprenticeship 
system of the engineering profession could be intro- 
duced into chemical and metallurgical industries, 
the problem of technical education would be greatly 
simplified. 

Professor Henderson (the president) considered 
the time taken in evening classes to be too short 
to allow of the training being a substitute for full- 
time training. It would take years in evening 
classes to get through the equivalent of an ordinary 
day course in chemistry. So far as Scotland was 
concerned, the difficulty of insufficient preliminary 
training did not present itself. The continuation 
and other classes were all co-ordinated, and there 
was no difficulty, in the Glasgow Technical College, 
as to insisting upon a high standard on admitting 
candidates. With regard to research, it should be 
remembered that many students were not attracted 
by abstract research, but cared for practical problems. 

Mr. Carr, in replying, pointed out that he had 
proposed evening classes for the training of foremen 
and skilled workers, not for directors. He found it 
necessary to insist that there could be no promotion 
from the technical ranks to the scientific direction 
unless the men were first prepared to go away for 
whole-time training in a graduating course. A 
possible alternative to the sandwich system, which 
was under trial in America under the name of the 
“Cincinnati system,” involved duplicating all 
positions among the technical workers, the two 
holders of each post spending alternating weeks in 
the works and in the college. Without waiting for 
a perfect scheme of training, he had suggested a 
scheme intended to meet the most urgent require- 
ments of the organic chemical industry in this 
country. 

Mr. Rintoul said that the practice of Nobel’s 
works had been to take into the works selected boys 
from the elementary schools and to make them 
attend evening classes in the Glasgow Technical 
College. The plan proving unsatisfactory owing to 
the distance of the Ardeer works from Glasgow, 
classes were arranged in the works and staffed by 
skilled employees of the firm; these classes were 
affiliated to the Technical College. This system had 
now been in use for three years, and had proved 
most satisfactory. 

(To be continued.) 





SHELL AND GUN-MAKING TOOLS. 

We illustrate on pages 376 and 377 a series of tools 
which Messrs. Craven Brothers, Limited, of the Vauxhall 
Works, Reddish, have supplied for heavy munitions 
work. The tool represented in Fig. 1 is an electrically- 
driven lathe with 16-in. centres, designed specially for 
boring out the chambers of large high-explosive shells, 





and capable of dealing with shells 72 in. long. The 
machine automatically bores the interior of the shell 
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to the correct profile from end to end, the boring bar 
being guided by a former. drive is provided by a 
variable speed electric motor capable of developing 
15 brake horse-power. The v4 of speed variation 
is such as to give the lathe spindle any speed between 
5 and 16.6 r.p.m. A second motor of 5 brake horse- 
power is provided for running up and withdrawing 
the boring bar. Self-acting feeds of from +z in. to 
ds in. per revolution of the spindle are provided for. 
Arotary pump maintains an ample supply of lubricant. 
The net weight of this lathe is 10} tons. 

In Fig. 2 we reproduce a photograph of a 30-in. 
centre lathe, also electrically driven, which has been 
specially designed for machining heavy field howitzers. 
The lathe will admit 20 ft. between its centres and is 
provided with self-acting, sliding, surfacing, screw- 
cutting and taper turning motions. The main electric 
motor is of the variable-speed type and is capable of 
developing 25 brake horse-power. The range of 
spindle speeds provided for is from 1.5 to 40.5 r.p.m. 
The front spindle bearing is 12 in. in diameter by 
8 in. long, whilst the rear bearing is 8 in. in diameter by 
10 in. long. The face-plate is 5 ft. in diameter and is 
fitted with extra heavy adjustable jaws of steel. There 
are, it will be’seen, two tool carriages, each of which is 
provided with an adjustable swing frame and sufficient 
change wheels for turning tapers up to 1 in 500. The 
weight of this lathe is 32 tons. 

The machine represented in Fig. 3 is a double-ended 
gun tube and shaft-boring machine, having two 
separate driving headstocks. It can be used as two 
independent boring machines for short work or as one 
double-ended machine for long work. In the former 
case the two tubes may be 15 ft. long, whilst as a 
double-ended machine it can deal with work up to 
30 ft. long. Each headstock is driven by a variable- 
speed motor rated at 20 brake horse-power, giving 
spindle speeds ranging from 4 to 36 r.p.m. The 
cramping and guide pedestals will take boring bars up 
to 4 in. in diameter, and each self-acting saddle can 
be rapidly shifted by an independent electric motor of 
5 brake horse-power. A rotary pump is provided for 
supplying the lubricant. This machine weighs 27 tons. 

A rifling machine for rifling guns of 3-in. to 4.8-in. 
bore is represented in Fig. 4. This machine is driven 
by Vickers’ electrical equipment, operated by auto- 
matic reversing switches, which give a variable 
speed for cutting with a constant quick return. The 
machine is supplied with a ram pump, for forcing the 
lubricant up the bar and distributing it at the point 
of the cutting tool. The various angles of twist are 
obtained by an adjustable bar at the back of the machine, 
which operates a rack and pinion rotating the bar for 
the required twist. The principal dimensions are as 
follows :—Diameter of rifling bar, 2§ in.; diameter 
of hole in breech stay, 21 in. ; length of top and bottom 
bed, sufficient to give a total rifling stroke to the 
carriage of 20 ft. The total weight of the machine is 
11 tons. 





THE TWIN-SCREW MOTOR-SHIP “ ABELIA.” 

WE begin this week the publication of drawings 
illustrating the twin-screw motor ship built by Sir 
W. G. Armstrong, Whitworth and Co., Limited, at 
their shipyard at Walker-on-Tyne, and engined by the 
Wallsend Slipway and Engineering Company, Limited, 
for the Flower Motor Ship Company, Limited, of 
London, for which Sir M. Samuel and Co., Limited, 
are the managers, The special feature is the applica- 
tion of the Diesel engine for propulsion, and the eleva- 
tions and sections of the main engine on Plate 
XXXII and on page 384, show that in the features of 
design there is a closer approximation to steam- 
engine practice than in any of the Diesel motors of 
which we have knowledge. This is but one more 
result of the long and intimate association between 
the builders and engineers of the ship, and especially 
of Mr. R. Saxton White and Edwin L. Orde of the 
former, and Mr. Andrew Laing of the latter. 
When, on the recommendation of Messrs. ry, 
Baggallay and Johnson, the consultants for the 
owners, it was decided to fit internal combustion 
engines, the aim set was to attempt as far as was 
possible to meet the prejudices of sea-going engineers 
accustomed to. work steam engines by adopting all 
possible features of the design of the latter, and particu- 
larly by ensuring a full view of all working parts and 
the greatest measure of accessibility. 

Thus the general framing of the engine, which is 
arranged in two units with two cylinders in each, as 
particularly well shown in Figs. 1, 3 and 4, corresponds 
to the framing of a steam engine, the cylinders having 
feet cast to the jacket and bolted to the top of box 
columns, which are further bolted longitudinally for 
stiffness. The engine thus has an openness unusual 
in oil motors, and the lubrication is by drip feed 
throughout. This type of framing, too, makes for 
simplicity. On the other hand the scantlings of the 
columns, due to the high tension load consequent 
upon the much higher combustion pressure within 





Diesel cylinders, are extremely heavy, and the engine 
is larger for the power generated, as can be seen from 
the cross-sections. For instance, with the cylinder 
of 17} in. diameter and 33 in. stroke, as here = 
the breadth of the engines at the bedplate is about 
9 ft. 9 in., and the height of the engines from the bottom 
of the bedplate to the top of the fuel valve over 21 ft. 
But in cargo-ship practice especially the question of 
space required is negligible. The driving of the whole 
of the auxiliaries, such as the pane compressors, 
scavenging pumps, &c., by means of links and levers, 
from the crossheads of the main engines, also conform 
to some extent with steam practice, and make for a 
shorter crank shaft and decreased length of engines 
and engine room. There are other notable features in 
the details. 

The engines are of the two-stroke cycle single-acting 
type, each set having four cylinders of 17} in. 
diameter by 33-in. stroke, and when running at 120 
r.p.m. each engine gives off a brake horse-power of 
600, or a total of 1,200 brake horse-power for the two 
sets of engines. This brake horse-power corresponds 
to a mean effective pressure at full power on a brake 
horse-power basis of 64 lb. per square inch. The ratio 
of stroke to bore is 1.9. This relatively large stroke- 
bore ratio can be adopted where the scavenging of the 
main cylinder is of the type as with this engine, i.c., 
two scavenging valves in each cylinder head. 

The cylinders (Fig. 3) are of tough cast-iron with 
separate liners spigoted into the cylinder at the top, 
and free to expand downwards. The space between 
the cylinder and the liner serves as a water jacket, and 
four suitable doors are provided in the cylinder for 
examination of the liner surfaces in contact with the 
cooling water. The cylinder heads are of cast-iron, 
water-jacketed, the divisions for the water being 
arranged so as to ensure a high speed of water round 
the valve housings and over the lower surface. This 
is accomplished by having the lateral web of metal 
running round the cylinder head, as can clearly be seen 
in Fig. 3. The following valves are carried in each 
cylinder cover :—one fuel, two scavenging air, one 
escape and one starting air. These valves are all placed 
in separate cages and housed in suitable openings in the 
covers. The fuel valve casing is housed in a sleeve 
pressed into the cylinder head. The valve cages are of 
cast-iron and the valves of forged steel. 

The pistons (Fig. 3) are of cast-iron made in two parts, 
the piston head carrying the Ramsbottom rings, and the 
piston rod the extension piece. The piston head is 
attached to the piston rod by a bolted flange, the head 
being water-cooled. The piston extension piece, or skirt, 
is attached to a flange some distance down the piston 
rod. There are six piston rings in the top part of the 
piston, and two at the bottom, these latter are for oil 
tightness. The bottom of the liner has a tray for 
catching any carbon or dirty oil which may fall from 
the piston, preventing it from contaminating the oil 
for lubrication of the other working parts of the engine. 
The piston rods are of forged steel, 6 in. diameter, 
bored hollow for the passage of the cooling water for the 
piston head. A steel tube is placed concentrically with 
the hole, the cooling water being taken up the tube and 
returned through the annular spaces so formed. The 
piston rod is attached to a crosshead by a coned end and 
nut. The crosshead shoes or slippers are of cast steel, 
single guide type, and are bolted to the crosshead. The 
shoes are lined with white metal on the ahead and 
astern faces, the sides of the shoes are also lined with 
white metal so as to act as guides. The connecting rods 
are of forged steel, 6 ft. 2 in. centres, or 4} times the 
crank throw, arranged with double bearings at the 
top end. The lower halves of these bearings are of 
gun-metal lined with white metal, the upper halves 
and keeps being of cast steel lined with white metal. 
The crank pin end bearings are of cast steel lined with 
white metal. The small diameters of the top and 
bottom end bolts may be remarked upon, but it should 
be pointed out that these have not to take any tension 
load in normal working. The crank shaft is of forged 
steel, made in two pieces, each piece having its two 
cranks placed opposite, the relative angle between the 
cranks of the two pieces being 90 deg. 

The bedplates are of cast-iron, box section, with six 
bearings. These i are of cast-iron, lined with 
white metal and fitted with water circulation through 
the bottom half of the bearings. The columns (Figs. 
1, 3 and 4) are also of cast-iron, box section, bolted 
together at the top. The back columns carry the 
guides for the piston rods, the guide plates being 
separate from and bolted to the columns, and being 
water-cooled (Fig. 3). The back columns have also 
bearings attached to carry the rocking levers for 
driving the scavenging air pumps and air compressors. 

The fuel-injecting air compressors, two of which are 
provided for each engine, are driven by rocking levers 
from number one and number four cylinder crossheads. 
These are of the three-stage type, with the cylinders 
water-jacketed, and intercoolers are fitted after each 
stage of compression. These air compressors di 
the air to a spraying air bottle, the pressure in this 





bottle being kept at about 800 lb. per square inch. 
mene ag Ep 2 i lus air can be 

from -injecting air to the starting 
air bottles, and the suction to the low-pressure com- 
pone On ee Ae cock worked 

m the starting platform. 4 

The scavenging air pumps, of which there are also 
two for each engine, are similarly driven by rocking 
levers from number two and number three cylinder 
crossheads, Each pump is double-acting and fitted 
with special suction and di valves. The air, 
on being discharged from the pump at a pressure of 
from 4 to 6 lb. per square inch, passes through coolers, 
and from thence to a common pipe running the full 
length of the engine. From this pipe branches are 
taken off to each scavenging air valve on the cylinder 
covers. The suctions to these pumps are taken from 
the engine-room forward ventilators. 

On each engine the following pumps are also driven 
from the levers which drive the scavenging air pump 
worked by number two cylinder—one piston-cooler 
pump, one jacket-cooling pump, one bilge and 
one auxiliary condenser pump. From the vere 
worked by number three cylinder, one piston-cooling 
pump and one jacket-cooling pump. These pumps are 
all of the single-acting plunger type. 

The cam shaft (Figs. 1 and 4) is driven by skew gear 
from the main crank shaft, and on this cam shaft are 
mounted for each cylinder one fuel cam and two 
scavenging air cams. The cam shaft is driven through 
a clutch having 35 deg. lost motion between ahead and 
astern-going faces. The reversing shaft is driven 
from the cam shaft through a pair‘of spur wheels. This 
shaft carries for each oytinder one ahead cam, one 
astern cam, and one exhaust cam, and also operates 
the pilot valves for either ahead or astern. 

There are four oil-fuel injection pumps for each 
engine, driven in two pairs by an eccentric from the 
cam shaft. These pumps draw from the constant head 
tank and discharge to their respective fuel valves in 
the cylinder covers. There are two cylinder lubrication 
pumps for each engine, each pump having eight plungers, 
The cylinders are each lubricated at four places, two 
at about half-stroke and two further down. The air 
compressors and scavenging air pumps are lubricated 
by Mollerup’s lubricators. 

The reversing gear is on the pneumatic system and 
is worked through a wheel at the starting platform 
(Figs. 1 and 4). This wheel controls a set of cams 
mounted on a shaft for ahead or astern motion. The 
revolving of these cams brings in sequence the following 
operations : — first, makes all cylinders common ; 
second, opens starting air master valve ; third, admits 
starting air to all cylinders ; fourth, admits oil fuel to 
two cylinders and closes off these two to starting air; and 
fifth, admits oil fuel to four cylinders and closes off all 
starting air. When the starting air is admitted through 
the inlet valves, either for ahead or astern, the i 
drives the cam shaft through the amount of 
motion, and thus gives it the correct relative lead either 
for ahead or astern ing. 

As to the water service, the jacket pumps take their 
water from the sea through a duplex strainer, and 
discharge in parallel through the air compressors, 
scavenging pumps, air compressor coolers and scaveng- 
ing pump coolers, The discharges from these are taken 
into a common pipe, which is then divided up into four 
branches, each of which goes to the guide slipper, from 
there to the cylinder jacket, thence to the cylinder 
cover, and through the jacket of the exhaust pipe to 
overboard. The steam-driven ballast pump is also 
connected up to the jacket pump disc ipe, 80 as 
to be able to circulate the water thro the jackets 
before starting up the engine. The piston-cooling 
water pumps draw from a fresh-water tank sent in 
the engine room, one for each engine, and discharge 
through links to the hollow piston rod and from there 
through a cooler back to the fresh-water tanks. A 
by-pass is fitted between the fresh-water and salt-water 
pumps, both in the suction and discharge pipes, so that 
the pistons can be cooled with salt water if desired. 


(To be continued.) 





Tue Late Mr. James Rowz.—We regret to have to 
record the death, which occurred at his residence, Green- 
lands, Tutshill, on Tuesday, the 10th inst., of Mr. James 
Rowe, who from a lad until his retirement from 
a few years ago had been associated with Messrs. Finch 
and Co.’s Works, Chepstow. Mr. Rowe was born at 
Buckfastleigh, Devonshire ; after completing his school- 
ing at Chepstow and at Abergavenny he was 
in 1857, to the late Mr. Finch, founder and managing 
director of the Bridge Works. He early showed ex- 
ceptional ability both in the drawing office and in the 
shops; when quite young he was made assistant to 
Mr. Finch. On the I ge of the —— i 1873, 
Mr. Rowe was appoin ment director 
bei then only 32 years of age. Many im: 
acest tracts were carried out by the 
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his direction. Mr. Rowe was not a member of any 
i ing institution, but his skill and ingenuity were 
widely recognised. He was 75 years of age at the time 


of his decease. 








380 


ENGINEERING. 





SHELL-NOSE TIGHTENING MACHINE. 


We illustrate on the present page a machine which 
is built by Messrs. Pollock and Macnab, Ltd., Stock- 
port, near Bredbury, to screw the loose shell-nose quite 
tight in position in the shell. It consists of a frame- 
work, across the top of which is fitted a worm and shaft 
in two bearings, one end of the shaft being provided 
with a belt pulley made free to rotate round the shaft, 
and having on its outer face a set of dogs which engage 
with dogs keyed to the worm-shaft. The dogs are held 
in contact by means of an adjustable compression 
spring, so that at any pre-determined pressure the dogs 
will be forced apart and the pulley will cease to drive 
the worm-shaft. The other end of the worm-shaft is 
fitted with a flywheel, the accumulated energy of 
which is sufficient to rotate the worm a revolution or 

















so more after the dogs have ceased to drive, thus 
effectively putting the final “pinch” on the nose 
bush. 

The worm is in mesh with a worm-wheel upon a 
vertical fluted shaft, this shaft being free to slide 
up and down, but being positive in drive. The 
shaft is suitably balanced by means of a weight. A 
stop is provided as a safety provision against the 
fluted shaft falling down. At the lower end of the 
fluted shaft is fixed a suitable coupling which engages 
with the grip fitting ; this consists of a square threaded 
screw having at its upper end a square shank, to which 
the power for screwing the nose home is applied. After 
tightening up, the mechanism is easily released. 

The shell is gripped in a hinged fitting bolted in a 
cavity on the casting ;. this fitting consists of a body 
which has a vertical joint along the centre, a hinged 
cap being clamped up by means of eyebolts. The cap 
is slotted to facilitate operation. 

All the working parts have ample bearing surface 
and are hardened where necessary. 





MANCHESTER ASSOCIATION OF ENGINEERS.—At the 
opening meeting of the session of this Association, held 
on Saturday last, the President, prior to the delivery of 
the inaugural address, present the “Constantine” 
gold medal for the past session to Mr. Alfred Etchells 
for his paper on ‘“ Uniform Conditions for Engineering 
Operations and Industrial Work.” 





Tue British Frre Prevention Com™irree’s PuBui- 
cations.—The British Fire Prevention Committee enters 
its twentieth winter session this month, and to mark the 
event it has issued a list of the collection of “ Red 
Books,”’ ‘“* Warnings,”’ &c., that have been issued by the 
Committee since its formation. ‘The list, which is 
obtainable upon application to the Committee’s registrar 
at 8, Waterloo-place, London, 8.W., covers the very 
wide field of the Committee’s activities both in respect 
of fire protection generally and also regarding its re- 
search work, The Committee’s ‘‘ Red Books" number 
204, and of these 35 deal with general subjects, mainly 
such as fire-resisting construction and notable fires. 
The Committee’s testing operations are recorded in 
numerous “‘ Red Books,’ gouped under such headings 
as Floors, Partitions, Doors and Shutters, Protection of 
Window Openings, Girders and Stanchion Coverings, 
Roofs, Textiles, Extinguishers and Sundry Fire Tests. 
The Committee’s quarto journals generally deal with the 
| blag organisations of foreign countries, notably in 

rance, Russia and Italy. 





THE CORRECTION OF ECHOES AND RE- 
VERBERATION IN THE AUDITORIUM AT 
THE UNIVERSITY OF ILLINOIS.* 


By F. R. Watson, Associate Professor of E 
Physics at the University of Illinois, and 
J. M. Wurre, Supervising Architect. 

I.—InTRODUCTION. 

1. Preliminary.—The work described in this bulletin 
may be considered as a continuation of an earlier investi- 
gation on “ Acoustics of Auditoriums.” + 

Figs. 1 and 2 show the floor plans of the Auditorium 
under investigation. The interior approximates a sphere 
cut off on the lower surface by the sloping floor of the 
room. There is a balcony, but no gallery. The balcony 
projects 12 ft. over the main floor at the sides and 34 ft. 
in therear. The stageis built out into the room instead 
of being set back behind a proscenium arch as originally 
designed, the stage house having been omitted to reduce 
the cost of the building. 

The domed ceiling is supported on four equal arches, 
and the side walls above the gallery are double curved 
surfaces. The limited ok og for the building 
made it impossible to embellish the surfaces of the walls 
and ceiling, and therefore they were left practically 
plain, which increased their power to reflect sound and 
cause echoes. There are no windows in the room, the 
daylight lighting being exclusively through a ceiling 
light 30 ft. in diameter in the cenfre of the dome. 

The results set forth in the previous bulletin are briefly 
as follows. A systematic investigation of the acoustical 
properties of the Auditorium at the University of Illinois 
was carried on for several years. ‘‘Cut and try”’ 
methods of cure were avoided. It was shown by theory 
and experiment that the usual acoustical faults in a room 
are due first, to a reverberation, or undue prolongation 
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of sound, and second, to echoes; both of these defects 
being caused by the reflection of sound from the walls. 
Various methods of cure were considered—the effect of 
padding and panelling the walls, the possible advantage 
of installing wirest and sounding boards,§ and, finally, 
the action of the ventilating system.|| The conclusion 
was drawn that the most effective cure lay in padding 
the walls with materials which absorb sound. 

An experimental diagnosis of the acoustical properties 
of the Auditorium was made. This was done by tracing 
the path pursued by a small bundle of sound when it was 
sent in a definite direction and noting what became of it 
after reflection. Several methods of tracing sound were 
tried before a suitable one was found. A ticking watch 
backed by a reflector, or a metronome enclosed in a box 
having a directed horn gave definite data. However, a 
hissing arc light witha parabolic reflector was much more 
satisfactory and gave conclusive results. Enough data 
were secured in this way to show the general behaviour of 
the sound in the room and also to indicate how the chief 
echoes were set up.{ Attempts were then made to 
secure satisfactory acoustics by hanging curtains and 
draperies at critical points suggested by the diagnosis. 
This result was finally secured by suspending four large 
pieces of canvas in the dome. 

From the acoustical standpoint the Auditorium was 
then in a much improved condition. The canvas, how- 
ever, was very unsightly and did not accord with the 
architectural features of the room. It was therefore pro- 


* From Bulletin No. 87 of the Engineering Experiment 
Station, University of Illinois. 

t+ Bulletin No. 73 of the Engineering Experiment 
Station, University of Illinois. 

t “ Inefficiency of Wires as a Means of Curing Defective 
Acoustics of Auditoriums.” Science, vol. xxxv, page 
833, 1912. 

§ ‘“‘ The Use of Sounding Boards in an Auditorium.” 
Physical Review, vol. i (2), page 241, 1913. Also The 
Brick Builder, June, 1913. 

| “‘ Air Currents and Acoustics of Auditoriums.”’ 
Engineering Record, vol. |xvii, page 265, 1913. 

q “Echoes in an Auditorium.” Physical Review, 





vol, xxxii, page 231, 1911. 
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posed that the materials used to correct the acoustics be 
installed in such manner as to remedy this fault. It was 
also proposed at this time to install a pipe organ, to 
decorate the interior of the room, and to change the 
lighting system. 

2. Object of the Bulletin.—The object of this bulletin is 
to describe the changes that were made in the ‘Audi- 
torium to ca: out the proposals just mentioned, and 
especially to show how the acoustical properties were 
modified. 


II.— PRELIMINARY ACOUSTICAL INVESTIGATION. 


It was desired that the materials used to correct the 
acoustics be installed in such manner as to conform 
with the architectural features of the Auditorium. This 
introduced ‘a new problem, since in the provisional cure 
the canvas sheets in the dome hung with very little con- 
formity to the curvature of the walls. A further com- 
plication appeared when it was found by calculation that 
the amount of material necessary to correct the rever- 
beration was insufficient to pad all the walls that produced 
echoes. It was desirable to eliminate the echoes, but it 
was regarded as risky to install too much sound-absorbi 
material, owing to the danger of making the Auditorium 
too dead for sound. 

Because of these difficulties it was decided to carry on 
further experiments and to secure more data | before 
deciding on the final cure. Accordingly, one large curved 
wall was covered with strips of l-in. hair felt, 30 in. 
wide, placed weationty and 30 in. apart so as to leave 
bare spaces between them. This arrangement was satis- 
factory for several reasons ; it did not change the curva- 
ture of the wall; it used only half the amount of material 
necessary to cover the entire wall; and because fof 
diffraction and interference effects it was theoretically 
more efficient in breaking up the reflected sound than if 
the same material were spread continuously over the 
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whole surface. Although encouraging, the results were 
not so marked as expected in diminishing the echoes. 

On the basis of this experiment, plans were made for 
covering other walls in a similar way, except that the 
hair felt was to be mounted on wooden ribs built out 
from the wall surface. Such an installation seemed more 
likely to break up the incident sound than the first plan 
of mounting the hair felt snugly against the wall. The 
sound wave on striking these outer felt strips would suffer 
partial reflection and change of Deen while the remain- 
ing portion of the sound would pass through the open 
spaces and be spread out by diffraction and reflection 
from the walls. The hair felt strips would oppose the 
incident and reflected waves, thus breaking up the 
original sound and diminishing its intensity and possi- 
bility of producing echoes. 

Because the scaffolding erected for the use of the 
workmen interfered with the passage of sound waves, the 
efficiency of this method of placing the felt could not be 
tested step by step as the material was mounted. The 
test was deferred, therefore, until the installation was 
completed. In the meantime the pipe organ was 
installed, the interior was redecorated, and the lighting 
system changed, so that only the combined effect of all 
rss factors on the acoustics could be investigated. 


III.—MopIFIcaTions OF THE INTERIOR OF THE 
AUDITORIUM. 

3. Installation of the Pipe Organ.—The organ was 
mounted in a unique way by dividing it into two parts 
and placing them in lofts 24 ft. above the ends of the 
stage with a distance of 75 ft. between centres. This 
arrangement placed the organ at a considerable distance 
above the audience. The absence of any vertical sur- 
face between the lofts and the audience room preven 
any visible arrangement of the organ pipes, but the 
necessary free exit of the sound was provided for by the 
construction of ornamental plaster grilles covering the 
pendentives on either side of the stage. 

4. Method of Mounting Hair Felt.—The hair felt was 
mounted on thin furring strips, which were bent to fit the 
curvature of the surfaces. The dome above the arches 
and the double curved side walls and single curved rear 
wall above the balcony were padded in this way. The 
felt was mounted in vertical strips on the west side wall. 
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~ On the east balcony wall the felt was mounted on 


wooden ribs so that it stood concentric with the plaster 
surface at a distance of one foot. Eighteen inches below 
the edge of the skylight in the dome radial strips of felt, 
which approached the wall until they touched at the 
crown of the arches, were mounted on wooden ribs. 
(Figs. 3 and 4.) The hairfelt used was the Akustikos Felt 
developed especially for correction of acoustical faults by 
the H. W. Johns-Manville Company under the direction 
of Professor Sabine. 

Before the c were made in the Auditorium, 
Professor Sabine visited the building at the invitation of 
President James. After this visit, he wrote to President 
James as follows: ‘If such confirmation of the results 
of Professor Watson’s investigation is necessary, please 
permit me to assure you that you will obtain an excellent 
effect from following out his suggestions in all detail.” 
The final installation was modified somewhat from the 
original plans, but the general features were maintained. 

5. The Decoration and Lighting System.—The 
modification of the lighting system involved the elimina- 
tion of the suspended fixtures. The wall brackets were 
retained, but the main lighting was changed to a semi- 
indirect system with reflectors above the arches and 
around the skylight. An ivory tone was selected for the 
basic colour in the redecoration. 
stencilled and painted on the various walls and surfaces 
to give a unified effect. With the exception of the orna- 
mental borders the rep covering the padded surfaces was 
left its natural colour. The modifications relieved the 
auditorium of its cheerless, barn-like interior. 


IV.—Frvat Acovusticat INVESTIGATION. 


The remodelled Auditorium has been tested under 
varied conditions for music and speaking, and popular 
opinion has pronounced the acoustics satisfactory. A 
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speaker with a moderate voice can be heard distinctly 
by auditors in the most distant seats. The music of the 
new pipe organ, according to experts, is satisfactorily 
rendered. The room is also suited for orchestra music, 
though for this case it has been found advantageous to 
follow the usual custom of leaving the wooden floor of the 
stage bare of carpet, so as to reinforce the sound from the 
instruments. 

While the Auditorium has proved to be generally satis- 
factory, a detailed investigation of the acoustical effects 
secured by the modification of the room was thought 
desirable. A request was made, accordingly, that 
auditors report any echoes or acoustical disturbances, 


however slight they might be. About a dozen replies | 


were received, and on the basis of these and other con- 
siderations a systematic investigation was undertaken. 
The acoustical results, beneficial and otherwise, may 
be anticipated by considering the changes made. Accord- 
ing to Sabine, the hair felt installed would reduce the 
reverberation. This would also eliminate echoes 
installed on certain surfaces in accordance with the 
analysis; but, since the amount of material used to 
correct the reverberation was insufficient to cover all the 
walls, acoustical defects might still be set up by the 
unpadded surfaces, especially by the pendentives. The 
pipe organ, by generating musical sounds that emerged 
through the pendentives in the dome, might introduce 
new acoustical disturbances. The openings made in the 
surfaces of two of the pendentives for the passage of the 
organ music would uce the general reverberation and 
would also diminish echoes. The changes in the decora- 
tion and in the lighting system would produce little effect. 


Ornamentation was | 
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| 6. Investigation of Echoes.—Tests were made in several 
ways to determine the presence of echoes. ‘The opinion 
| offered by auditors that the echoes had generally dis- 
appeared was, of course, the most satisfactory evidence. 
| One test was made by talking through a megaphone 
|toward different walls. The sound was generated 
| inside a small house and its direction of propagation con- 
| trolled by two megaphones, one being pointed toward an 
observer and the other toward a wall which previously 
|gave echoes. No distinct echo could be obtained by 
ng simultaneously into the two megaphones. The 
| ticks of a metronome produced very little additional 
| effect, but when a sharp intense metallic sound was tried, 
echoes were obtained from the unpadded walls, but only 
| faint responses from the padded walls. The intense 
hissing sound of an are light backed by a parabolic re- 
| flector gave more pronounced results. It showed that 
the padded walls produced a marked effect in reducing 
the intensity of the sound. 
The effect of the unpadded pendentives in the rear 
dome surface is shown in Fig. 5. The cone of incident 
|Sound received by each pendentive is small and, after 
| reflection, spreads over a large area. It was therefore 
| anticipated that little disturbance would result. This 
prediction was not entirely correct since the echoes 
reported by auditors, so far as could be ascertained, came 
| from these two walls. An echo was perceptible when the 
speaker faced directly toward one a Gm pendentives 
| 80 that the profile of his face was seen by an auditor 
seated at one side of the auditorium. The direct sound 
coming to the auditor was then diminished, while the 
reflected sound was augmented, thus producing an echo. 
Other unpadded walls, notably the side walls under 
the balcony, still set up concentrations of sound. Thus 
an observer at A, Fig. 6 


sound from the speaker, but also the portion that is con- 


| centrated by reflection from B. He does not hear an 
| echo, because the time interval between the direct and 
reflected sounds is too short to enable his ear to detect 
them separately. The result is much the same as if his 
neighbour on the side toward the wall were to say the 
words of the speaker in his ear at the same time that he 
received them from the speaker. The auditor realises 
that something is peculiar about the sound, but usually 
does not understand the cause of the trouble. An 
auditor at C, however, may get an echo when the speaker 
faces the point D. 

7. Investigation of the Reverberation.—By means of 
Sabine’s formula and coefficients of absorption* the time 
of reverberation of the Auditorium was found and a 
calculation was made to determine the amount of sound- 











absorbing material necessary to correct the fault. The 
following tabulation shows the method employed :— 
Exposed Area | Coefficient Total 
Material. in Square of ies. sion 
Metres. Absorption. rP : 
Plaster on lath 2000 0.0330 66.0 
Plaster on tile 510 0.0250 13.0 
Woodwork 1630 0.0610 99.0 
Glass ... eee 83 0.0270 2.3 
Cocoa matting 145 0.0200 2.9 
Wood seats ... 2150 seats 0.0082 17.7 
| 201 
Average audience .... 1200 people 0.44 | 627 
a. S — | _ 728 
Volume of room .| 12,000 cub. m. | 


| 





| Substituting these data in the formula t = 0.164 V + a, 
| in which ¢ is the time of reverberation, V the volume of 
the room and a the total absorbing power, the following 
equation for the empty room is obtained :— 

t = 0.164 x 12000 + 201 = 9.8 seconds. 
When an audience of 1,200 people is present. 


t = 0.164 x 12000 + 728 = 2.7 seconds. 


This value is too great for good acoustics, and a rever- 
beration results. To correct the fault, absorbing material 
should be added until the time of reverberation is re- 
duced to about 1.8 seconds; this value having been 








* American Architect, 1900. 
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found satisfactory for halls as as the Auditori 
when used for both music and s i a 


The amount of Akustikos Felt needed to carry out the 





plans already described was 3,315 sq. ft. This was less 
than the area necessary for felt ted snug inst the 
wall, since the coefficient of absorption is ter when the 


felt is mounted out from the wall.* Calculations, which 
allowed for the sound-absorbing power of the felt and the 
other alterations in the Auditorium, indicated that the 
time of reverberation would be reduced to about 1.90 
seconds with 1,200 people present. 


V.—Discussion anp Conclusions. 

The Auditorium fulfilled the theory held many years 
ago by Lord Rayleight that a large room with hard, non- 
porous walls and with few windows has a prolo: 
resonance, and that the best chance of improvement lies 
in padding the walls and ceiling with sound.absorbing 
materials. Thus the installation of hair felt in the 
Auditorium reduced the reverberation; the amount of 
reduction being calculated in advance by Sabine’st 
formula and constants of absorption. 

The amount of hair felt n to correct the rever- 
beration was insufficient to cover all the walls, and it was 
found that some of these unpadded surfaces still pro- 
duced echoes. This action was anticipated in 


nee rom 
the general considerations discussed by Rayleigh,§ in 
which the possibility of reflection of sound was shown 
to depend on the positions of the source and receiver of 


sound, and also upon the size and form of the wall com- 
pared with the wave length of the incident sound. 

The installation in an auditorium of considerable 
sound-absorbing material eliminates the objectionable 
| condition of satisfactory reverberation being wholly 
dependent, on the sound absorbing power furnished by 
an audience. This means that rehearsals without an 











audience can be conducted satisfactorily, and that a 
speaker addressing a small audience is not obliged to 
contend with a distressing reverberation. 

The theoretical advantages in absorbing and breaking 
up sound waves when hair felt is mounted out from a 
wall instead of placed snugly against the surface do not 
appear to be so great as ex Observers listened 
to sounds reflected from both types of surface, and con- 
cluded that a surface having the hair felt mounted out 
from the wall was more efficient.. The conclusions, how- 
ever, should be checked by quantitative, instrumental 
measurements, since the ear is inaccurate in its estimation 
of the comparative intensities of different sounds.|| It 
appears that the felt is more effective when mounted out 
from the wall, but there is some question whether or not 
the advantages secured justify the additional expense 
of installation and the greater risk of fire. 

The music of the pipe organ emerging in large volume 
from the pendentives in the dome introduced concentra- 
tions of sound different from those set up when the source 
of sound was on the stage. This made it desirable to 
_ other walls in addition to those requiring padding 
or the single source of sound. 

The effect of the organ music confirmed one conclusion 
set forth by Jager, namely, that the strength of the 
source of sound, for good acoustics, should be in correct 
proportion to the volume of the room. It appears that 
the Auditorium is too small for loud organ ‘music, since 
the sound in this case becomes 1 ntly 
On the other hand, it appears that the volume is fairly 
well suited for softer organ music and for a weak source 
of sound, such as a speaker with a moderate voice. In 
this connection Jiiger contends that an auditorium is 
limited in its acoustical possibilities ; that if a room is 
too large, it is impossible to make it satisfactory for 
weak sources of sound. He points out also that the 
problem of correcting faulty acoustics must include a 
consideration of intensity of sound as well as of rever- 
beration ; that is, the variable factors at command, the 
volume and absorbing power of the room and the source 
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*Sabine. Architectural Quarterly of Harvard Uni- 
versity, p. 22, March, 1912. 

TT of Sound, vol. i 

| {American Architect, 1 

| § Theory of Sound, vol. ii, page 283. 


i, poges 287 and 351. 


| || Rayleigh, Scientific Papers, vol. ii., p. 132. 
q“ Zur rie des Nachhals,” Sitzungsberichten der 
Kaiserl. Akademie der Wissenschaften in Wien. Matem- 


\naturw. Klasse; Bd. CXX, Abt. Ila, Mai, 1911. 
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of sound, must be so proportioned as to give not only a 
suitable reverberation, but also an acceptable intensity 
of sound. He discusses the limitations in obtaining this 
desired result. : 

Another deduction made by Jager which applies 
rather directly to the Auditorium is that the ratio S/w 
should be large for good acoustics, in which S is the 
total surface of walls, furniture, and fixtures struck by 
the sound and w is the volume of the interior. . Theore- 
tically, this ratio is smallest for a sphere, and, since the 
‘Auditorium approximates a hemisphere, the excessive 
reverberation might have been predicted. 

Reverberations and echoes were corrected simul- 
taneously by installing a suitable amount of hair felt on 
the walls which produced echoes. To locate these walls, 
a new method was develo in which the source of 
sound was anarc light, ase ined earlier in this bulletin. 

The investigation showed that curved walls are worse 
acoustically than plane walls, since they produce undesir- 
able concentrations of sound and echoes. It also appears 
that the openings in the pendentives for the organ 
music and the ventilation openings act similarly to open 
windows, and thus reduce reverberation and diminish 
echoes. 

One acoustical disturbance which was not corrected 
was that due to talking and walking in the foyer and on 
the stairs immediately outside the Auditorium. The 

ds of footsteps and the reverberation caused by 
loud talking and accidental noises in the foyer could be 
reduced by covering the stairs and foyer with a yielding 
material, such as cork, and by ding some of the walls. 

It is apparent from this discussion that the means 
employed to correct the acoustics, as exemplified by this 
complex problem, were based upon established scientific 
principles, and this investigation and others of like 
mature have served, to a large extent, to dispel the 
mystery surrounding the action of sound in auditoriums. 








Russian Coat Ovurrpvr.—The Russian coal mining 
industry has witnessed a material increase in production 
during the first half of the present year. uring the 
first five months of the present year the production of 
the Donetz district exceeded the corresponding figure 
for even 1914 by some 50,000,000 poods. This result 
is principally due to the enterprise of the mining concerns 
in better distributing labour and in importing foreign 
labour. In the other Russian coal-mining districts, 
which, however, are of subordinate importance, the 

resent year also shows a material increase in production. 

he number of hands employed in the Donetz district 
rose from 165,000 on July 1, 1915, to 222,000 in the 
beginning of of of the present year, and output rose 
from 790,000, — to 856,000,000 poods; of the 
latter total 177,000,000 poods was anthracite. The 
proportion of 30.8 per cent. of the total output remained 
at the mines as stock. (1 pood = 36 lb.) 


German War Prorits.—Both the Bismarck Hiitte, 
with a share capital of 16,000,000 marks, and the much 
larger Aumetz-Friede Hiitte, in Lorraine, having a share 
capital of 58,000,000 marks and debentures amounting to 
33,100,000 marks, have done exceedingly well durin 
the year 1915~—16, the latter paying 10 per cent. dividend, 
against no dividend for the two preceding years, and 
the former 25 per cent., against 15 per cent. for last year 
and no dividend for several preceding years. The 
Bismarck Hiitte has a total net profit of 5,354,261 marks 
for 1915-16, against 3,580,161 marks for the preceding 
year; the writings-off amounted to 4,870,037 marks, 
whilst 1,230,000 marks were added to the invalid and 
pension fund. The report of the Aumetz-Friede concern 
states that in spite of difficulties it has been possible to 
increase the output of the iron mines and blast. furnaces, 
steel works and rolli mills. The Steel Union and 
Pig-Iron Union not only afforded ample opportunities 
for sales but also had orders which, notwithstanding 
every effort, it was im ible to carry out. The earnin 
of the works, it is added, were much affected by the high 
and ever-increasing cost of production. The net profit 
of the Aumetz-Friede concern reached a total of 7,515,610 
marks, against 999,254 marks for the preceding year, 
writings-off amounting to 6,580,367 marks. The pro- 
duction of coal had been 18 per cent. higher than during 
the preceding year, and amounted to fully 80 per cent. 
of the peace production. The te production of 
coal, including that of the concerns connected with 
Aumetz-Friede, amounted to 1,562,620 tons, that of coke 
to 760,299 tons, the production of iron ore being 1,335,416 
tons, of pig-iron 533,344 tons, and of steel 452,918 
tons. The’ hands employed numbered 14,495. The 
Mannstaldt rolling mille, connected with the Aumetz- 
Friede concern, after very liberal writings-off, show a 
total net profit of 1,131,752 marks, against 114,205 
marks for the previous year; a dividend of 8 per cent. 
was paid on the whole capital in addition to 6 per cent. 
on the preference shares to compensate for the precedi 
year, w they received no dividend. frome allied 
concern, the Diisseldorf Iron anit Wire Company, had a 
net profit of 608,894 marks, = 26,388 marks for the 

ee ee oe SY per cent. was 
Soslesed. he Hasper Iron and Steel 
the year 1915-16 6,805,500 marks, against 2,127,600 
marks for the preceding year; the dividend paid was 
16 per cent. (against 4 per cent. for the ore), the 
bel gy tax and other funds having amply pro- 
vided for. The Hirsch-Janke Glass Com > Weiss. 
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wasser, had a surplus of 423,410 marks for 
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NOTES FROM THE UNITED STATES. 


PHILADELPHIA, October 4, 1916. 

UNDERLYING conditions in the steel industry remain 
in the same overstrained condition. In view of the heavy 
contracts coming in and in sight an active pig-iron 
market has set in, resulting in an advance over recent 

uotations of from 50 cents to 1 dol. per ton. Sales in 
this district for a week foot up over 150,000 tons, and 
other districts show corresponding activity. An increase 
of 2 dols. per ton in structural material has not checked 
buying to any extent. The demand is of an over- 
whelming nature. The contemplated industrial reju- 
venation of Russia and the undertaking of vast 
railroad construction in China is leading the steel 
industry here to an enormous expansion of 
capacity as safe and logical. With the steel industry 
sold up practically for six months of next year it is 
apparent that prices will further advance. It is the 
general belief that still further advances will be made 
in pig-iron, and one Eastern concern has just closed for 
60,000 tons of basic. The Russian inquiry for 30,000 
cars is still hanging fire, and it is believed that the 
Pressed Steel Car Company will undertake to divide 
the order among a number of lesser makers. Russia 
is in the market to-day for 75,000 tons of barbed wire, 
and that Government is in a hurry for it. The placing 
of this large order will probably be followed by a further 
advance of 2 dols. per ton. Phosphorus iron has advanced 
1 dol. a ton, and one concern has an order for 30,000 tons 
for next year’s delivery, Steel shares are reaching 
wild prices in the stock markets. Quotations on common 
stocks will soon double the original value. Speculation 
is running wild on all well-known steel stocks, not- 
withstanding the enormous extension in capacity which 
is becoming available. At the present rate of pig-iron 
buying the blast furnaces will soon be out of the market 
for some six months if they accept all the orders that 
are crowding in. 





Tue Unrrep States Rattways.—The United States, 
says The Marine Journal, not only leads all other nations 
in the world in possessing 257,569 miles of railways, but 
exceeds Europe’s mileage by 50,000 miles. The equip- 
ment of the United States railways includes 65,000 loco- 
motives and 2,327,000 cars. The average number of 
employees is 1,409,342, and the total wage paid them 
last year was 1,165,000,000 dols. 





Our Ratrs Aproap.—The exports of rails from the 
United Kingdom appear to be shrinking more and more. 
In September they only amounted to 2,712 tons, as 
compared with 15,800 tons, and 39,185 tons. No rails 
were forwarded to Australia in September, although in 
September, 1914, we despatched 12,085 tons to that 

uarter. The exports to India sunk to 201 tons in 
deptentioer this year, while in September, 1914, they 
amounted to 18,894 tons. The aggregate shipments of 
rails to September 30 this year were 36,458 tons, as 
compared with 205,952 tons in the first nine months of 
1915 and 365,939 tons in the first nine months of 1914. 
Argentina only took 109 tons of British rails to Septem- 
ber 30 this year, while in the first nine months of 1915 
Argentina imports amounted to 24,927 tons. The 
colonial demand moved on as follows in the first nine 
months of the last three years :— 


Colonial Group. es - os 
South Africa eve sec 332 331,980 47,564 
British India... - 17,888 37,714 133,342 
Australia - 928 55,913 107,115 
New Zealand 629 17,180 15,259 
Canada... 2 9 122 


The variations are on account of the war. The 
value of the rails exported to September 30 this year was 
386,487/., as compared with 1,495,511/. and 2,445,8371. 





THe Bank or Etxcrrican UNDERTAKINGS.—The 
Bank of Electrical Undertakings at Zurich has a share 
capital of 75,000,000 francs and debentures to the value 
of 84,900,000 francs. It is interested in electrical under- 
takings, having 139,580,000 francs in shares, &c., in 
addition to advances amounting to 34,880,000 francs. 
The electricity works have, as a rule, had to face an 
increased expenditure in fuel. On the other hand, the 
traffic on the different tramway concerns is getting more 
active and the fares show a tendency to rise. The under- 
takings in which the bank is interested have suffered 
no loss from the war, but the unfavourable rates of 
exchange have caused a serious loss, and the revenue 
has receded 661,000 francs. The net proceeds, however, 
were barely 200,000 francs below those of the previous 
year, the figures being tively 6,064,587 francs and 
6,249,877 francs. The dividend was again fixed at 8 per 
cent., against 10 per cent. for the year preceding the war. 
The bank is interested in more than a dozen electrical 
undertakings, electric power stations, some tramway 
ae ye the — item being 26,280,000 marks 
in the Lahmeyer Electric Company of Frankfurt. Of 
other concerns may be mentioned the German Oversea 
Electric Company, 4,980,000 marks, and, altogether, 

rman concerns seem to be in the majority ; also some 
Italian, —_ Russian, Roumanian, Tarkish, &e. 
Most of the undertakings have paid about the same 
dividends as during the preceding year, but as to the 
Abo Electric Wo: Finland, a German concern, no 
news has been received since the war broke out, and the 


U Rhine power station at Milhausen, , has 
ered from the proximity of the war and again declared 
no dividend. The Moscow Company for ric Power 


Transmission paid no dividend, the same applying to 
several other concerns. The Bavarian Nitrogen Com- 
pany was expected to pay at least 12 per cent. 
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NOTES FROM THE NORTH. 


Giascow, Wednesday. 
Glasgow Pig-Iron Market.—The pig-iron warrant 
market remains in the same lifeless condition which has 
characterised it for some time now, nor is any change 
yetapparent. Stocks in public store show little difference 
during the week. 


Scotch Steel Trade.—No possible estimate could be 
made of the amount of work being put through in the 
steelmaking establishments in the West of Scotland, 
most of which are ing constantly day and night. 
And still the necessity for endeavouring to increase the 
output is kept well in front of the makers by those in 
authority. Considerable demand exists for ordinary 
structural lines, but makers are finding much difficulty 
in meeting this demand, chiefly owing to the obstacles, 
shipping and otherwise, preventing good and regular 
deliveries of the required raw material. Export in- 
quiries are steadily on the increase, but here also diffi- 
culties stand in the way—licences being granted but 
sparingly. These facts would almost suggest a possible 

ing up of prices which, however, are practically 
unchanged over the week. Steel ship plates are still 
quoted about 14/. per ton ; boiler plates, 15l. 5s. or a 
trifle more ; and angles, 14/. 7s. 6d. or thereabouts. 


Malleable Iron Trade.—There is no lack of business 
in the malleable iron trade, order books being so well 
filled up that makers continue to find difficulty in 
supplying the demands on their customers. This, of 
course, means constant activity for some considerable 
time to come. While a small export business is being 
done in iron bars, the bulk of the output is being 
absorbed by home consumption, both for Government 
contracts and private mercantile trade, the iron and 
steel departments being alike fully employed. Indeed, 
quite a considerable amount of ordinary mercantile 
business is now being put through even for export, the 
restriction barriers notwithstanding. Prices are well 
maintained, with a tendency towards a slight advance, 
“Crown” bars meantime being quoted 14/. 10s. net 
f.o.b. Glasgow, named brands commanding a rather 
higher figure. 


Scotch Pig-Iron Trade.—The demand for Scotch pig- 
iron of all grades, and particularly for hematite, con- 
tinues unabated, and there seems faint prospect of any 
change in the immediate future. Production goes on 
apace, and little or no stock is being accumulated. 
Licences are still difficult to procure, very few being 
permitted, the effect of this reacting upon business in a 
very special degree. The ban upon the export of hematite 
is especially rigorous, so much being required in the 
home steelworks, the demands of which are insatiable. 
No alteration has taken place in current prices, the 
present firm level keeping very steady, due in great 
measure to the high rates now asked for all raw material 
and the increasing on-cost charges. 


“ Trade A fter the War’’ Committee.—Among the various 
reports received by the Committee presided over by 
Lord Balfour of Burleigh, that presented by the Scottish 
Ironfounders’ Federation has been so favourably con- 
sidered that two representatives of the Federation were 
invited to attend a meeting of the Committee in support 
of the views expressed in the report. The subject of 
the future industrial conditions of the country are of 
national importance, and the report of the Scottish Steel- 
makers’ Association, which is at present in preparation, 
will be of considerable value also, as many useful sug- 
gestions will be available. 


Wages in the Clyde District.—A few days ago there 
was issued to the joint secretaries of the Scottish Manu- 
factured Iron Trade Conciliation and Arbitration Board 
an intimation signed by Mr. John M. Macleod, C.A., 
Glasgow, regarding makers’ profits during the months of 
July and August. Mr. Macleod says: ‘‘I have examined 
the employers’ books for July and August, 1916, and I 
certify the average net selling price brought out is 
131. 28. 8.29d. per ton. This means an increase of 5 
per cent. in the wages of the workmen.” The statement 
is more satisfactory than is that indicating that nothing 
has yet come of aconference held recently between repre- 
sentatives of the blast-furnacemen employed in the 
Glasgow district and their employers, for the purpose of 
adjusting the rates of wages and week-end allowances. 





GerMaN Activity IN CuInA.—It seems strange that 
just now, while the trouble is going on in Canton, the 
Germans in Shameen, living on the British Concession 
and having their offices and godowns there, should be 
coining money by storing goods for the Chinese, says 4 
Hong Kong paper, to which The London and China 
Telegraph refers. Most of the German firms were before 
this simply “ carrying on” by doing a little business with 
the Chinese and getting rid of old stocks. As a result, 
most of their godowns and stores were empty, and they 
were in a peculiarly fortunate position when the Chinese 
started rushing their valuables across the British Bridge. 
They have been able to get better prices this time than 
have ever before been got for storage, and they are 
coining money. This will enable them to carry on for 
a long time and, perhaps, to keep their offices in order 
ready for the time when peace is restored in Europe. 
They are in better spirits on this account, and they do 
not care how long the present Canton situation lasts. 
The German flag is to be met with everywhere. Over 
the cement works on the river opposite Tai Sha Tou 6 
huge German is flying, and in the western suburbs, 
where some of the Germans have their offices, German 
flags are quite common. The consulate on Shameen and 
some of the hongs, &c., are flying their —indeed, it 
seems a misnomer to call this the British Concession. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The activity of the t 
few weeks is maintained in all departments. ard 
steams are firm, and full deliveries are being secured by 
industrial concerns and railway undertakings. There is 
also a large demand for cobbles and nuts. In many cases 
works are getting sufficient a over daily require- 
ments to complete their stocks. Gas producers are 
asking for full supplies, and heavy tonnage is going into 
inland works on contract account. The freer deliveries 
from the pits have increased the volume of business on 
the open market, both for home and export trade, and 
except in the case of France and Italy, who are the 
principal customers, export prices are slightly increased. 
House coal continues to meet a brisk y 44 Quota- 
tions :—Best branch hand-picked, 20s. 6d. to 21s. 6d. ; 
Barnsley best Silkstone, 18s. 6d. to 19s. 6d. ; Derbyshire 
best brights, 18s. 6d. to 19s. 6d.; Derbyshire house, 
17s. to 188. ; best large nuts, 16s. 6d. to 17s. 6d. ; small 
nuts, 15s. 6d. to 16s. 6d.; Yorkshire hards, 16s. 6d. 
to 17s. 6d.; Derbyshire hards, 16s. to 178. ; best slacks, 
128. to 138.; seconds, 10s. 6d. to lls. 6d.; smalls, 8s. 
to 9s. per ton. 


Iron and Steel.—The material market has a firm tone, 
and several heavy transactions for common irons have 
just been completed, the prices paid being according 
to the Government scale. asic iron is now much more 
easily obtained, whilst steel billets are to be had in good 
parcels for all classes of work of national importance. 
For other work, such as the ‘“‘ domestic ”’ ttade, it is not 
so easy to secure the necessary certificates to purchase 
materials, the authorities urging the vital requirements 
of other manufacturers more directly concerned with 
the war than that of furnishing the “silver bullets.” 
Even so, there are manufacturers who declare there are 
ample supplies, and any scarcity is artificial, Full 
pressure is maintained upon all works, especially in the 
finished trades. Revised opinions of the value of 
Sunday labour, based upon prolonged practical experi- 
ence, are increasingly growing in favour of abolition of 
the practice, except in so far as it is necessary in emer- 
gencies. It is felt that a regular six day week would be 
more productive than the present system. No definite 
action, however, has yet been decided upon. Another 
delicate subject is the one of debadging. The new order 
is that all unskilled men under the age of 30 must be 
released for military service, and labour still further 
diluted. It is a vexed topic, especially as the present 
supply of able-bodied labour has been considered in- 
adequate. The Ministry of Munitions is fully cognisant 
of the whole situation, and no injustice will be knowingly 
done to important Sheffield industries. Several of the 
minor departments of trade are showing a welcome 
revival a prosperity. In the light castings trade the 
demand for gas heating and cooking apparatus, follow- 
ing the desire for fuel economy, is filling up the gaps 
created by the depression in the builders’ iron foundry 
work, Agricultural machinery and plant makers are 
doing a large export business, and the Argentine Republic 
contains some of their best customers. The file and saw 
manufacturers are assured of full order books for months 
ahead, Cutlery concerns are working at full pressure. 
From overseas, orders have arrived for tools, saws, 
springs, cutlery, hardware, printing plant, vices, axes, 
and electro-plate. 


Sheffield Trade Matters.—Presiding at the annual 
meeting of Messrs. Kayser, Ellison and Co., Limited, 
on Monday evening, Mr. C. W. Kayser observed that 
the record of the year’s workings was one of great 
pressure and of great success. The balance, after allow- 
ing for war taxation, &c., was 45,8111. 13s. 5d. They 
were carrying 10,000/. to the depreciation fund owing to 
the exceptional wear and tear caused by the war upon 
the machinery, and they were placing 5,000/. to an 
employees’ benefit fund to help them to overcome the 
physical strain the arduous war conditions imposed upon 
them. The works had been kept running day and 
night. The firm’s stocks in Russia and other Allied 
countries had been very keenly sought after, and the 
result was their stocks were reduced and their cash at 
bank appreciably increased. The dividend was at the 
rate of 124 per cent. for the year, plus a bonus of 7s. 6d. 
per share, all free of tax. In the preceding two years 
the dividend was 15 per cent., and in 1912-13, 20 per 
cent. Messrs. A. J. Halcomb and B. C. Davis were 
re-elected directors. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade—The pig-iron market 
presents very few new features of moment. Good 
enquiries for Cleveland pig, are reported, and a moderate 
amount of business is passing. Forge quality is plentiful 
and is offered rather freely, with the result that pur- 
chases can be made at a little below recognised market 
quotations. For home consumption, No. 3 Cleveland 
pig, No. 4 foundry and No. 4 forge all stand at 871. 6s. ; 
and No, 1 is put at 91s. 6d. There is a pressing demand 
for export, and buyers are prepared to pay 100s. for 
warrant iron. Holders of warrants, however, are in no 
hurry to accept that figure. Makers’ No. 3 is quoted 
98s. to 100s. for shipment abroad, and No. 1 ranges from 
1028. 6d. to 105s. ; whilst No. 4foundry is put at 96. 6d. 
and No. 4 forge at 95s. 6d. 


Hematite Iron.—There is little new to report concerning 
the East Coast hematite branch of the staple industry. 
Heavy deliveries are being made on running contracts, 
but very few sales are occurring, due to the fact that 
producers are well sold to the end of the year, and are not 


at present inclined to commit themselves further ahead. 
Nos. 1, 2, and 3 remain at 122s. 6d. for home use and 
for shipment to France, and 140s. and upward for general 
export. 

Output of Pig-Iron.—A second furnace has been put 
into operation at the Redcar Ironworks to manufacture 
hematite iron, making the total number of furnaces 
blowing on the North it coast 72, of which 28 are mak- 
ing Cleveland pig, 31 are turning out hematite, and 13 
are producing special kinds of iron. Other idle furnaces 
may be.re-started at an early date. 


Stocks and Shipments of Pig-Iron.—The quantity of 
Cleveland pig-iron in the public warrant stores here has 
now fallen to 6,664 tons, composed of 6,628 tons of No. 
3 quality, and 36 tons of other kinds of iron deliverable 
as standard, and is the lowest stock recorded since 
Messrs. Connal and Co. took over the stores in 1877. 
Since the beginning of the month the stock has been 
reduced by 5,926 tons. Shipments of pig-iron from 
the port of Middlesbrough, though not heavy, are up to 
expectation. So far this month they amount to 22,896 
tons, as compared with 21,536 tons to the same date last 
month, and 25,746 tons for the corresponding part of 
October last year. 


Foreign Ore.—Large quantities of foreign ore continue 
to come regularly to hand, and consumers are adding to 
their already very substantial stocks. Imports to 
Middlesbrough so far this month are officially returned 


at 100,415 tons. 


Coke.—Local demand for coke keeps heavy, but it is 
met by a more than ample supply. Prices are sta- 
tionary. Medium kinds of blast-furnace coke still 
realise 28s. at the ovens, and up to 30s. 6d. at the ovens 
continues to be named for qualities low in phosphorus. 


Manufactured Iron and Steel.—Producers of finished 
iron and steel are as busily employed as ever. In 
addition to work on which they have been engaged for 
some time t, manufacturers are now turning out 
a good deal of material for mercantile shipbuilding. 
Prices all round are strong. Common iron bars are 
131. 15s.; best bars, 14/1. 2s 6d; double best bars, 
141. 10s; treble best bars, 14/. 17s. 6d; iron ship plates, 
131. 10s. to 141. 10s.; iron ship angles, 131. 158. ; iron 
ship rivets, 17/. 10s. to 18/. 10s. ; packing iron and steel 
(parallel), 11. ; packing iron and steel (tapered), 137. 5s. ; 
steel bars (no test), 14/7. 10s. ; steel rye: ates, 111. 10s. ; 
steel ship angles, 111. 2s. 6d.; steel ship rivets, 20J. ; 
steel joists, 11/. 2s. 6d.; steel strip, 17/.; steel hoops, 
171. 10s. ; heavy sections of steel rails, 101. 17s. +8 
and steel railway sleepers, 12/. 





Contracts.—Erith’s Engineering Company, Limited 
70, Gracechurch-street, London, state that they have 
received from the Ministry of Munitions an order for a 
very large Erith timber dryer, which they have already 
delivered. This is similar to their installations working 
at Woolwich Arsenal, and at Elswick Ordnance Works ; 
at the works of Messrs. Vickers, Limited; Messrs. 
Clayton and Shuttleworth; Messrs. Ruston, Proctor ; 
Messrs. Marshall, Sons and Co.; Midland Railway 
Carriage Company; and hundreds of other contractors 
for war supplies. 





Tse Bristot University “ Sanpwicn’’ SCHEME FOR 
Trarntnc Enoineers.—Dr. Wertheimer, the Dean of 
the Faculty of Engineering of the University of Bristol, 
has proposed a modified “‘ Sandwich ”’ system of training. 
A student on leaving school will enter the University and 
will nd a session there passing the intermediate 
examination for the B.Sc. degree in engineering at the 
end; if his record is good and he is a promising student, 
he will be recommended to a firm which will allow him 
to enter their works for a period of 14 months. This will 
enable the student to judge to what extent he is fitted for 
an engineering career, and will also enable the manu- 
facturers to form an impression as to his suitability. 
He will then return to the University and continue his 
studies for a further period of two years—in some cases 
spending the long vacation in the works; after that he 
will return to the same works, if he has given satisfaction, 
for another period of 14 months. 





Norrs-East Coast InstrruTionN or ENGINEERS AND 
SurpsuiLpers.—The secretary of this Institution, Mr. 
E. W. Fraser Smith, has issued a circular urging the 
importance of organisation at the present time, and 
pointing out that the Institution stands for the advance- 
ment of the interests of North-East Coast shipbuilding 
and engineering. He states that already the district 
produces fully one-half of the merchant tonnage launched 
in the United Kingdom and over one-third of the marine 
engines produced nationally, reckoning output in terms 
of indicated horse-power. In locomotive construction, 
colliery engineering, electrical engineering, &c., the 
district stands high in international estimation. But it 
is contended that better could still be done, and that this 
betterment could be achieved by a ter number of the 
shipbuilders and engineers becoming members of the 
Institution, so that it may become the first source of 
information in technical matters in the engineering and 
shipbuilding industries. There are many projects which 
are delayed owing to the want of driving power, which an 
increase in membership would provide, and these projects, 
if carried into effect, would help the district very greatly. 
Members are therefore enjoined not only to secure 
additions to the membership, but to attend meetings, 
offer experience in the form of papers or in the course of 
discussions, and present the library with books that are 
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NOTES FROM THE SOUTH-WEST. 


Cardi ff.—Weakness has been shown in secondary and 
lower-grade classes of coal, while the demand has been 
checked by a shortage of tonnage resulting from delays 
occasioned by prolonged stormy weather. Superior 
classes of coal have been still reserved, and out of the 
market, but in some cases sellers of secondary qualities 
have needed a quick clearance of trucks to save pit 
stoppages, and buyers in a position to take quick deliveries 
have been enabled to secure substantial concessions. 
Small coals have been in good supply and prices have 
been somewhat easier. has Sonn a good demand 
for house coal and prices have shown firmness; other 
bituminous descriptions have indicated a tendency to 
weakness. Patent fuel and coke have exhibited little 
change. The best Admiralty large steam coal has been, 
to some extent, nominal ; secon ualities have made 
378. to 398.; Monmouthshire Black Veins, 38s. to 39s. ; 
age, Western Valleys, 37s. to 38s. ; Eastern Valleys, 
35s. to 36s. ; best bunker smalls, 27s. to 288. ; and cargo 
smalls, 19s. to 22s. per ton. In bituminous coal, best 
households have made 25s. to 26s. 6d. at the pits ; No. 3 
Rhondda large, 33s. to 39s. ; smalls, 30s. to 32s.; No, 2 
Rhondda large, 30s. to 32s.; and No. 2 smalls, 22s. to 
23s. per ton. The latest quotation for patent fuel has 
been 428. to 448. per ton. — foundry coke for 
export has brought 62s. 6d. to 65s. ; good foundry coke, 
60s. to 62s. 6d.; and furnace coke, 50s. to 55s. per ton. 


Western Trade Matters.—The calling up of men in the 
Welsh tin-plate trade has led to a serious state of things 
in the We tin-plate districts; fewer mills are now 
working than for a long time past. A deputation of tin- 
plate makers and representatives of their men proceeded 
to London on Tuesday with the view of making a further 
effort to influence the Reserved Occupations Committee 
to retain men in the trade, so as to preserve what is left 
of it as far as possible.—Sir W. J. Tatem presided at the 
sixth annual meeting at Cardiff of the Tatem Steam 
Navigation Company and indicated a policy of continued 
prudence. Quite recently, he said, a large shipping com- 
pany paid a dividend for the first time in 14 years, and 
even the preference dividend was at one time several 
years in arrear. As regarded the present situation, 
shipowners had neither created nor manipulated high 
freights ; an urgent demand for shipping for war p 
had withdrawn many ships from regular trade a his 
made the remaining tonnage exceedingly valuable for the 
time being. The Government had now practically taken 
possession at blue-book rates of all the tonnage which 
they required, and they had done this upon terms at 
which many ships were no better off than in the last few 
years before the war. It was essential that the shipping 
industry should be dealt with liberally, as our foreign 
SS were already striking very hard, while they 
would have to be faced seriously in the future. He was 
disposed to agree with a gentleman of wide experience 
who had spoken upon the subject, and who had said that 
shipowners had been passing through a period of un- 
healthy prosperity—unhealthy prosperity use it was 
due to abnormal causes. Sooner or later present high 
freight rates would decline and shipowners must be pre- 
pared to meet competition and even adversity. 
dividend, however, of the Tatem Company for 1915-16 
was 15 per cent. free of income-tax, and this was equiva- 
lent to a distribution of 20 per cent.—The directors of the 
Blaenavon Company, Limited, recommend a dividend 
upon the ordinary shares at the rate of 7} per cent. per 
annum for the year ended September 30; this is the 
first dividend paid on the shares since 1913.—Rumours 
have been prevalent of further contemplated colliery 
changes and combinations.—The Coalition Shipping 
Company has just been registered with an office in Mount- 
square, Cardiff Docks; the capital is at present upon a 
small scale.—The Hereford County Council has passed a 
resolution urging the Government to take timely measures 
to prevent the destruction of salmon by new are 
works at Chepstow.—E. J. C. Rees and Griffin, Limited, 
Cardiff, have purchased the share capital of the Reid 
Steamship Company, Limited. The company has a 
nominal capital of 55,000/., and it owns the Mersario 
steamer, 6,600 tons deadweight, and the Sidney Reid 
steamer, 4,530 tons deadweight; the undertaking has 
hitherto been managed by Messrs. Reid, Tigg and Thue, 
Limited. The old directors have retired and Mr. J. 
Sidney Rees and Mr. W. H. Griffin have been appointed 
to succeed them. The founder of the Reid Company 
was the late Mr. Sidney Reid, who carried on an extensive 
business in London and Southern Russia, with offices at 
Odessa, 





Tae Institution or Extecrricat EnGInrEers,—The 
opening meeting of this Institution for the Session 
1016-17 will take place on Thursday, November 9, 1916, 
at 8 p.m., when the premiums awarded for papers read 
or — during the past session will be presented, 
and the eighth Kelvin lecture, “‘Some Aspects of Lord 
Kelvin’s Life and Work,” will be delivered by Dr. 
Alexander Russell, Vice-President. 


Cast-Iron Conrarninc Srext.—We read in La 
Métallurgie, Paris, whose reappearance we are very glad 
to welcome, that the manufacture of cast-iron —s 
steel is most easy and can be carried out even in sma 
foundries. This manufacture has largely increased in 
France since the war began. Whilst two years ago very 
few foundries would have undertaken the supply of a 
metal showing a tensile strength of 25 kg. og square 
millimetre (15.87 tons per square inch), at the present 
time the average Aw kg. see — imetre ( _ 
tons uare inch) is very frequently met, to er 
with > peer of stringent shock tests. The ated 
obtained is an ideal one for “‘ the rapid and safe manu- 
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NOTICES OF MEETINGS. 


Tue INSTITUTION OF MecHANICAL ENGINEERS. — Friday, 
October 20, at the Institution of Civil Engineers, Great George- 
street, Westminster, at 6 p-m. Paper :—‘ Trials on a Diesel 
Engine, and Application of Energy Diagram to obtain Heat 
Balance,” by the late Lieutenant Trevor Wilkins, M.Sc., 
Graduate. Tobe presented by Professor Burstall, of Birmingham. 

THE INSTITUTION OF CIVIL ENGINEERS.—Tuesday, October 24, 
at 5.30 p.m., at a special meeting, the Twenty-Fourth “ James 
Forrest “ Lecture, entitled ** The Development of Appliances for 
Handling Raw Materials and Merchandise at Ports and other 
Large Centres of Traffic,” by Sir John Purser Griffith, M.A.I., 
M.Inst.C.E., will be delivered. 

Tue IxstiTuTiIon oF LocoMoTIvE ee my —Saturday, 
October 28, at Caxton Hall, Westminster. —. per will be read 
and discussed on “The Design and Construction of Steel Rail- 
way Coaches,” by Mr. A. T. Houldcroft, Member, Manager of 
Steel Car Departensat of the Leeds Forge, and late Carriage 
Superintendent of North-Western Railw ay of India. 





in view of the restrictions now imposed by the 
Government on the importation of paper, and of the 
consequent shortage of supplies, readers who wish 
to be sure of obtaining “ ENGINEERING” cach week 
should place an order for the Journal with a news- 
agent or bookstall clerk. Owing to the scarcity of 
paper it will be impossible in future fully to previde 
for a chance demand for this Journal. 
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THE REMOBILISATION OF THE 
INDUSTRIAL ARMY. 


Wrrnovt being unduly optimistic we may assume 
that victory is assured within a period which justifies 
immediate attention being paid to the complex 
question of remobilising the industrial army. 
Within the past three or four months great progress 
has been achieved, parficularly in overcoming that 
confidence of our enemies which was an important 
advantage in maintaining the morale of their fight- 
ing forces. But our most supreme effort has yet 
to be made, and while we think that the future 
reinstatement of our heroic fighters in the industrial 
army should be the subject of carefully devised and 
comprehensive organisation, we recognise that 
definite action must, for the present, be concentrated 
with ever-increasing solicitude on maintaining 
the effectiveness, alike in personnel and matériel, of 
the driving force on all battle fronts. In the one 
case it is a question of immediate and uninterrupted 
action ; in the other of organisation for the future. 
The very complexity of the problem of remobilisa- 
tion of the industrial army in the most efficient 
manner demands that the problem of preparation 
should be tackled at once. 

We have preferred the phrase “ remobilisation 
of the industrial army ”’ to “ demobilisation of the 
fighting forces,” because it carries a fuller definition 
of the necessities of the case, and, moreover, indicates 
the line of action which ought to be taken. The 
War Office, no doubt, is preparing a scheme of 
demobilisation, but it will at once be recognised 
that the underlying principle of their organisation 
cannot achieve the best results in this case. In 
mobilising an army the authorities are concerned 
with the formation into brigades of a heterogeneous 
mass of men whose prior peace occupation could 
influence only to a minimum degree the prospect of 
individual efficiency as soldiers or of their aggrega- 
tion into a completely satisfactory homogeneous 
body of troops. The War Office thinks in battalions, 
brigades, divisions, with all the material equipment 
requisite for effective opposition to the enemy. 
In the industrial army, on the other hand, there 
must be, in the interests of efficiency, almost a 
separate place for each individual. Certainly in the 


. 390 | industry of a nation there is a very definite place 


for each grade of worker in the industrial army. It 
is possible, therefore, that the War Office will follow, 
in arranging for demobilisation, the methods of 
mobilisation, and will disband whole divisions or 
brigades, irrespective of the clamant need for a 
highly systematised remobilisation of the industrial 


382 /army. It is therefore of the highest importance that, 
392|in this matter of vital consequence to the imme- 
393 | diate future of industry, there should be prompt 
396 | co-operation between trade organisations and the 
g97 | War Office. Indeed, we would go further, and make 


the dominant motive power in this matter the trade 
organisations rather than the War Office. It is not 





merely a question of disbanding n men when the time 
justifies such action, but of transferring them 
without delay into positions in industry and com- 
merce where their services will be most effective 
and will lead to a future prosperity worthy of the 
sacrifice each has made in the interests of humanity 
and international peace. 

In the first place it is desirable that those indus- 
tries which can more quickly influence the country’s 
return to industrial prosperity should have their 
ranks reinforced to the fullest possible extent at the 
earliest moment. The Government already have a list 

of “ reserved ” trades where exemption from military 
service of the workers was more freely granted. We 
have here a good basis on which to work. But, even 
so, the importance of the industry was measured 
primarily from the standpoint of war supplies, so 
that some discrimination is needed as to whether all 
of these industries are essential to the attainment of 
maximum output in the industries of peace. There 
can be no question, however, that, to begin with, the 
miners must as quickly as possible get back to the’ 
_|output of coal and minerals, since these are the 
bases of practically all industry. The transport 
trades should be placed in a satisfactory condition, 
so that supplies may flow freely to the factories, 
and from the factories to the markets of the world. 
The immense depletion of our shipbuilding fleet 
justifies prompt action in augmenting the rate of 
building of merchant ships. As the President of 
the Board of Trade remarked in the House of 
Commons on Tuesday, we have actually lost by 
enemy action and by marine risks 2,000,000 gross 
tons of shipping since the war began, equal to a 
deadweight carrying capacity of 3,000,000 tons. 
The magnitude of this total he further illustrated by 
stating that it was more than the whole mercantile 
marine of France, or Spain, or Italy. The situation, 
too, is further aggravated by the almost complete 
cessation of merchant shipbuilding during the past 
two years. Even for the distribution of our forces 
to their homes in this country and our dominions 
across the sea an immense fleet will be required. 
It is computed, indeed, that to take the whole of 
the oversea forces at once would require 400 liners, 
which, however, are not available. Similarly, the 
railway rolling-stock of the country has suffered 
through lack of adequate repairs and upkeep, and 
new stock will require to be immediately put in 
hand. The machine-tool makers ought to be able 
still further to increase the volume of their work, 
even upon the immense production achieved during 
the war, because many of the new factories erected 
will require cther machinery in order to become 
effective for immediate peace production, as they 
are equipped now in very many cases with appliances 
which can be used only for very definite war pro- 
ductions. The case of lathes for shells is one clearly 
illustrative of this point. There has been an 
enormous output of lathes, far beyond the peace 
needs of any community, and, moreover, a lathe 
for turning a large shell body is of a design unsuited, . 
in view of the relation of strength of headstock and 
bed to length, for efficient application to many 
forms of peace work. This, too, is apart altogether 
from the fact that the haste with which these lathes 
and other machine tools had to be got together 
necessitated less care in the materials used and in 
the design, so that they are practically obsolete, even 
from the point of view of strength as well as efficiency. 
A large number of new machine tools will be required 
to enable the new privately owned factories to be 
adapted for peace production, and the sooner 
machine-tool makers are released the better will it 
be for the future industry. Thus we might go 
through the whole range of industrial activity. 
Even the new docks and harbour improvements, 
which have been held up for lack of labour during 
the war, must be hastened on by the transport to 
them of all available labour. Agriculture, too, 
must be supported in the demobilisation of the army. 

The principle to be adopted in procedure is thus 
incontestably established as the sifting out of 
suitable workers for trades which must be re- 
established with all despatch. It will therefore be 
recognised that the disbanding of the army in 
brigades or divisions cannot possibly meet the case. 
In each division there must necessarily be a large 
proportion of men whose adaptability for the 
immediate remobilisation of the industrial army 
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will be difficult to appraise, apart altogether from 
the importance of first re-establishing industries of 
consequence to the immediate improvement in trade 
conditions. There are many unskilled and even 
unemployable men for whom work will have to be 
found on schemes of public improvement, which can 
be commenced later in the process of demobilisa- 
tion. What must be avoided is the return to this 
country of large bodies of men who cannot imme- 
diately be absorbed efficiently in industry, and who 
might therefore increase our difficulties by “ un- 
employed demonstrations.” It will be a thousand 
times better that such men should be retained in the 
army until there can be found for them a definite 
means of earning a living consonant with the 
sacrifices they have made. Indeed, if care be exer- 
cised a large percentage of hitherto unemployable 
men may be converted into prosperous workers. 
The complexity of transferring each of the 
5,000,000 or 6,000,000 soldiers into a niche in our 
industrial life which will enable him to exercise his 
skill for the national benefit, as well as for his own 
advantage, is most obvious. The correct solution 
must greatly affect the prosperity of the people, 
and should therefore be tackled with statesmanlike 
breadth of view, completeness, and the greatest care. 
Where trades are federated, as in the case of ship- 
building, engineering, textiles and mining, the 
employers’ federations ought to be set to work, in 
association with trade unions, to prepare lists of 
men now in the army for whom, on the attainment 
of peace, positions could be found at work which 
would immediately conduce to the establishment 
of industrial equilibrium. No difficulty need be 
anticipated regarding the extent of employment 
available, nor the possibility of unskilled or partly 
skilled or female labour being displaced. The 
immense wastage of 27 months of warfare has to be 
made up, and therefore in practically all industries 
there will be experienced such a demand for labour 
as will more than absorb the supply consequent on 
the demobilisation of the army. It is a question 
rather of effectively disposing of this labour to the 
best advantage from the individual and national 
points of view. With the lists of suitable workers 
prepared by employers’ federations and trade 
unions, the army authorities could quickly discover 
the men, and arrange for their passage direct from 
the front to the bench, so that there would be 
no delay. On the other hand there would be the 
extreme satisfaction on the part of each unit of the 
army in finding national recognition of the duty to 
place him in a position to.earn his living, in better 
circumstances, we hope, than in the past. 
Objection might be taken to the difficulty of 
this procedure in the army, and we are glad to see 
that such an authority as Major-General §. S. 
Long, C.B., who occupied the important posi- 
tion of Director of Supplies and Transport, 
has met such possible objection with logical clear- 
ness. Anticipating the view that brigades or 
divisions will require to be maintained at their 
service strength, and that the withdrawal of a 
number of men from each would tend to disorganisa- 
tion, he points out that day by day a large number 
of men from one division or another is hors de 
combat owing to casualties, and that those responsible 
for the maintenance of such divisions have every day 
practice in keeping them up to full strength. Major- 
General Long, in his article in the Nineteenth Century 
and After treats the subject of “right and wrong 
methods of demobilisation ” on broad lines, some- 
what corresponding to those we have indicated, and, 
from his service experience, he evolves a definite 
procedure by the army authorities. In order to 
enable individuals who are chosen for their adapt- 
ability to meet immediate peace requirements in 
the factory, he suggests that the document of 
discharge of each soldier might take the form of a 
little book with perforated pages. There would 
be given in duplicate an authority, signed by the 
demobilisation official, ordering the man’s release 
with the group bearing the same number as that 
with which the document is stamped. This would 
be retained by the man’s commanding officer, 
while the duplicate would be held by the soldier, 
to be produced at any time to show that he had 
been completely discharged from the army. There 
would also be in the booklet a warrant entitling the 
man to a free railway pass to the place named 





thereon, which would be his home where employ- | interest to point out that everything was of British 


ment awaited him. Another page would contain a | 


warrant for a sovereign to be cashed by the military 
authorities at the front, so that the man would have 


money for food while on his journey. Four other | 


similar warrants, each for a sovereign, are to be 
included, these to be payable, by the post office 
of the town to which the man is proceeding, at 
intervals of one week on and after the dates 
named. Although it is a small detail, we would 
suggest that the first warrant should be payable 
only on the date, in order that the worker would 
make due haste to reach his destination. He 
would carry his arms, equipment and clothing with 
him and hand these in at the nearest military centre 
to his home, getting a receipt in duplicate, one to be 
retained and the other to be posted to the depét 
of his unit. The military authorities should be 
responsible for sending the man in due course his 
discharge certificates, army character, &c., and the 
balance of his pay. This seems a fairly reasonable 
method of procedure, 

Major-General Long also drafts a scheme for 
the setting up of a ministry of demobilisation, to 
include representatives of all the Government 
Departments concerned, as well as the representa- 
tives of industry, commerce and labour and the 
overseas Dominions. He also puts forward the 
proposal that the Premier should preside and 
be the connecting link between all. The immense 
demands made on the Prime Minister, however, are 
such that it is doubtful if this important position 
should be filled by him. The work is essentially 
one of detail, and we think that the employers’ 
federations, as well as the trade unions, ought to 
make it their business at once to approach the 
War Office, so that recognition may be given to the 
important part they ought to play in the remobili- 
sation of the industrial army. It is important that 
there should be the least possible increase in bureau- 
cracy. 





THE EVOLUTION OF THE “TANKS.” 

The statements in the House of Commons by the 
Secretary of State for War on Thursday, the 12th 
inst., and by Dr. Macnamara, Parliamentary 
Secretary of the Admiralty, on Wednesday, 18th 
inst., in answer to a question by Captain Burgoyne, 
are probably the communications promised some 
time ago regarding the evolution of the “ tanks ” 
to be made with the view of giving credit where this 
was due. It was made clear that Mr. E. H. Tenny- 
son D’Eyncourt, C.B., the Director of Naval 
Construction, is entitled to full credit for designing 
this “formidable weapon of warfare.” It would 
seem that a suggestion was made by several officers 
of the Royal Naval Air Service, as a result of 
experience in Flanders, to Mr. Winston Churchill, 
when the latter was first Lord of the Admiralty, 
in favour of the use of some armoured vehicle 
capable of traversing the irregular ground of “no 
man’s land,” of straddling over trenches and break- 
ing down obstacles, and of scattering destruction 
from the guns within it, while being itself reason- 
ably protected against gun fire. Mr. Churchill, 
with that characteristic freedom of mind for the 
reception of new ideas, and courage for putting 
the potentialities of all such proposals to the 
test, gave heed to the suggestion. But in 
mechanics an idea is one thing ; the evolution of the 
details of design to carry the idea into practical 
effect is quite another. The history of invention 
shows a great store of ideas incapable of application, 
as well as a rich record of long-entertained ideas 
successfully applied. The suggestion of caterpillar 
wheels is old, and has long been applied for the 
traction of guns over moderately irregular ground. 
Many proposals for movable forts with such cater- 
pillar wheels have been put forward from time to 
time, and we are amused to find that some of the 
suggestions by Americans have actually been pub- 
lished as illustrative of the system adopted in the 
“tanks” of the British Army now in use in France. 
The Americans claim that they are their invention, 
and, in fact, that they were manufactured in the 
United States. Germany also lays claim to the 
origination of the idea. In connection with the 
question asked by Colonel Griffiths in the House of 
Commons on the 12th inst., as to whether the 
“tanks” were entirely of British material, it is of 





design and manufacture. 

While it is not permissible to enter into any 
details regarding the wonderful engineering features 
in the design of the “‘ tanks,” it will be found that 
the ingenuity displayed in securing the long wheel 
base on the caterpillar chain principle is exceedingly 
novel and worthy of the highest tradition of British 
inventive ingenuity. When Mr. Churchill instructed 
Mr. Tennyson D’Eyncourt to prepare the design, 
the great limitations of former proposals were freely 
recognised, and there can be no doubt that the then 
First Lord of the Admiralty rendered great service 
in the masterful encouragement which he gave to 
the Director of Naval Construction. During the 
preparation of the design and experiments Mr. 
D’Eyncourt suggested the appointment of a small 
Admiralty Committee, which should consult with 
representatives of the War Office as to the military 
conditions to be fulfilled. This Mr. Churchill at 
once to, making the Director of Naval 
Construction the chairman of the committee, whilst 
the secretary was Lieutenant (now Lieut.-Colonel) 
A. G. Stern, whose practical business ability, as Mr. 
Lloyd George said, had been invaluable in securing 
the manufacture on a considerable scale of this 
weapon of war. Colonel Swinton also, according 
to the Secretary of State for War, has been a most 
enthusiastic supporter of the idea, and the fact that 
it was carried through with such zeal was very 
largely due to the enthusiasm which he threw into 
the work. All through the evolutionary stage 
Mr. Churchill, the First Lord of the Admiralty, took 
a very active part, stimulating all concerned, and 
when the proposal for representatives from other 
Departments was made, Mr. Lloyd George gave 
the scheme his unstinted support. Mr. Balfour, 
when he went to the Admiralty as First Lord, 
equally supported the work of design and experi- 
ment. The other officers mentioned by Dr. 
Macnamara as assisting in the work were :—Com- 
modore Sueter, Wing-Commander W. Briggs, 
Squadron-Commander T. G. Hetherington, Mr. 
W. O. Tritton (managing director of Messrs. W. 
Foster and Co., Limited), Lieutenant W. G. Wilson, 
R.N.A.S. (now Major Wilson, M.G.C.), Mr. P. Dale 
Bussell (Contract Department, Admiralty), Lieu- 
tenant A. G. Stern, R.N.A.S. (now Lieut.-Colonel 
Stern, M.G.C.), Captain Symes, M.G.C., and Mr. F. 
Skeens, Acting Assistant Constructor. 

It was as far back as the summer of last year 
that the first “‘ tank” was ordered to be made from 
Mr. Tennyson D’Eyncourt’s design. The results 
of the trials were very satisfactory. The late Lord 
Kitchener, as well as the Lords Commissioners of the 
Admiralty and Mr. Lloyd George, were particularly 
pleased with its attainments. When the Army 
authorities became convinced of the utility of the 
machine on the battlefield, it was decided to build 
a number of such landships from the same designs. 
It was at this time very properly decided that the 
supervision of construction should be under the 
control of the Ministry of Munitions, and a committee 
of that Department was appointed to carry out the 
work. Lieut.-Colonel Stern, who had before acted 
as secretary of the Director of Naval Construction’s 
Committee, was made chairman of the new com- 
mittee, while Colonel Swinton took over direction 
of personnel. At the request of the Ministry of 
Munitions, and with the approval of the Admiralty, 
Mr. Tennyson D’Eyncourt continued as a member 
of this committee, and was, and is still, chief technical 
adviser, and no doubt has worked out further 
developments of the “ tank.’’ When it is possible to 
disclose the details of the design, it will no doubt 
be seen that in most of these details there is great 
originality, and that naval architectural experience 
has in this, as in other respects, greatly assisted the 
army in the field. The secrecy with which the 
operations have been carried out merit high tribute, 
not only to those immediately engaged in the 
designing work, but also to the workers who have 
been employed in construction. Although Mr. Lloyd 
George could not enter into any details as to his 
association with the idea, it is only fair to say that 
that vigour which has ever actuated him was an 
important factor in the carrying through of the 
work of constructing the “‘ tanks ’’ which have been so 
invaluable, and promise to continue to be invaluable, 
at the front. 
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PEAT POWDER AS LOCOMOTIVE FUEL. 


THERE are vast peat deposits in Sweden, and 
with the present price of coal it is only natural 
that the State railways should endeavour to make 
use of them. Experiments have therefore been 
made with this fuel on a goods locomotive, of 
which the following are the particulars :— 








The speed was here reduced to 8} miles per hour | modified. Tests have shown that locomotives of 
for the goods train and to about 20 miles for the | this type on an average give about 6.3 lb. super- 
passenger train. Steam pressure and water level heated steam per lb. of coal; a re-calculation gives 
in the boiler could, it was proved, be maintained | an efficiency of 0.65 instead of 0.685, which has 
through the whole of this gradient. been taken into consideration. Jean 
The consumption of water was read from a scale| _ The final result deduced from the table is this, 
fitted to the tender tank ; the results consequently that the same quantity of steam can be obtained 
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The peat powder is carried on the tender in a 
hopper with a conical bottom. Beneath the bottom | 
is a pipe, through which the peat powder is blown to | 
a nozzle opening into the fire-box by means of air, 
compressed by a steam blower. By firebrick par- 
titions the fire-box was subdivided into an ignition 
chamber, two side passages and an upper chamber, 
through which the products of combustion pass 
and are led to and fro before they enter the tubes. 

‘or the ignition of the peat powder there is, under 
the nozzle through which the peat is blown, 
a small grate carrying a coal fire. The consump- 
tion of coal for this purpose averages 3 to 4 per cent. 
of the weight of the peat powder. 

The ordinary exhaust nozzle in the smoke-box 
did not work satisfactorily with peat powder, and 
had to be modified. A spark catcher was not 
fitted, as the sparks are so small and light that 
they are extinguished before they reach the ground. 
As a matter of fact there are no sparks at all from | 
the peat powder when the firing is properly attended | 
to. 


of peat powder were considered to possess equal 
heating value to 1 Ib. of British coal. To arrive 
at a more accurate and definite result, these tests 
were undertaken, the locomotive in question having 
been in use for some time. The tests were made 
on the Hallsberg—Mjélby section (60 miles) between 
two locomotives of the same type, peat powder 
being used in the one and coal in the other. 
programme for these tests stipulated for a goods 
train of 700 tons weight being run at normal ser- 
vice speed, which was taken as averaging 22 miles 
per hour. The train was to consist of wagons 
loaded with coal, and each type of locomotive was 
to make three journeys. An alteration was made 
at the last journey, when the train was composed 


of bogie passenger carriages, the weight being | 


300 tons, and the average speed being 34 miles per 


hour. On the test section there is, over a distance of | 


3.6 miles, a rising gradient of 1 : 100 with numerous 
small curves with radii of from 1,000 to 1,500 ft. 


leach with a vertical induction motor, all housed, 


As the consumption of water and the heat trans- 
mitted to the steam were not the same on the 
two comparative journeys (see table), the consump- 
tion of fuel per 1,000 train-kilometres was reduced 
to the same water consumption and heat trans- 
mission. Some allowance must also be made for 
the locomotive with coal fuel being quite new, 
whilst the other had been in use for some time, 
and therefore was less favourably conditioned. 

The annexed table shows the most important 
results of the tests. 
heat temperature of the steam is higher with the 
locomotive fed with peat-powder fuel than with the 
one with coal, which is owing to the fact that peat 
powder burns with a longer flame than coal, and to 
the temperature of the products of combustion in 
the former case being higher than in the latter. A 


calculation of the boiler efficiency and the tempera- | 


ture of the fire-box gives for the locomotive for 
peat powder respectively 0.73 per cent. and 1670 


| deg. C., and for the locomotive for coal 0.688 per cent. 
As the result of some previous experiments, 1.4 Ib. | 


and 1510 deg. C. Both figures, it will be seen, are 
higher for the former, which again means that the 


It will be noted the super- | 


together with the necessary accessories and the 
motor-driven air compressors, in the building on 
the south wall of the dry dock at its entrance. The 
conditions entered into with Mr. H. R. Worthington, 
contractor for the entire plant, require that each 
main 54-in. pump shall discharge an average of 
11,100 cub. ft. per minute of sea water when pump- 
ing against a rising tide, which tide is specified to 
reach an elevation + 8.5 when the dry-dock floor, at 
| elevation — 39.5, is bare of water. The average over- 
all efficiency of these units is guaranteed to be 64.5 
per cent., including all losses in motors and pumps. 
The 20-in. drainage pumps are required to have an 
average capacity of 1,375 cub. ft. each, with an 
overall efficiency of 64 per cent., when pumping from 
the culvert below the floor of the dry dock, from 
‘elevation — 42 to elevation — 52 with the tide 
rising from elevation 0.0 to elevation + 8.5. It 
was found that with 35 ft. of water in the dock, one 
main pump can lay bare the floor in 5 hours and 10 
minutes. On July 18, at 4.20 a.m., all four main 
pumps were run at once, starting with about 47 ft. 
of water in the dock; on this run, the dock was 








The | 


heating value of the peat powder is better utilised |emptied in 1 hour and 45 minutes. The drainage 
than that of the coal. The main object of the tests pumps emptied the culvert under test conditions in 
was to ascertain the consumption of peat powder as about 2 hours and 40 minutes, showing them to be 
| compared with that of coal for the production of the | above the specified capacity. While the complete 
|same quantity of steam and in doing the same | computations have not yet been finished, sufficient 
| work. To attain this it was necessary to reduce | calculations have been made to show that each 
the observed steam production per kilogramme of | unit exceeds the guaranteed capacity and efficiency. 
fuel to what it would have been with the same|The pumping plant, with the air com 

total heat content, taking as standard the total controlled from the same switchboard, constitutes 
heat of steam at 190 deg. C., reckoned as 665|the largest single electric load on the Isthmus. 
calories. The calorific value of the fuel also had | If all pumps and compressors are running, a total of 
to be referred to a proper standard, and 7,740 | about 7,500 h.p. is required, or almost the entire 
British thermal units were chosen for the peat present output of the hydro-electric installation. 
powder, and 12,600 British thermal units for | 
the coal. The reduced values will be found in the | 
two last rows in the table annexed. In gs! The i address of this Association was 
the figures for the coal-fired locomotive, regard | delivered on Saturday last by the President, Mr. 
| has been had to the fact that the locomotive was a F. W. Reed, M.I.Mech.E. He intimated that 
‘new one, wherefore its efficiency was somewha; the High-Speed Tool Research Committee was 
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continuing its work, and in a report would shortly 
deal with methods of heat treatment of high-speed 
steel. The Research Committee of the Privy Council 
have recognised the importance of this work by a 
grant of 440]. Mr. Reed proceeded to deal with the 
economic problems of the moment, with particular 
reference to reorganisation for trade after the war. 
He spoke of the encouraging results arising from the 
manufacture in this country of dyes, optical and 
chemical glass, porcelain articles of trade and 
magnetos, the manufacture of all of which had 
drifted into the hands exclusively of the Central 
Powers, and he augured from the successful institu- 
tion of these industries in this country that valuable 
future developments would be made and would 
succeed. He, however, thought that the Govern- 
ment Department dealing with trade required re- 
organisation, with a view not only of extending 
trade, but of improving the relationship of Capital 
and Labour. He was opposed to equality of 
remuneration, contending that the scheme of 
rewarding individual effort in the machine shop 
was most necessary. “The value of services 
rendered,” he said, “‘ should not be measured by 
the time made, but by the work done. Good 
wages,” he continued, “is a forward policy; it 
attracts the best labour and retains it, and, generally 
speaking, ensures the most economical production. 
Wage rates in the present abnormal conditions are 
high, and are not economically sound, since the 
nation’s expenditure is greater than its income, and 
its resources are not being developed to give a 
corresponding increase in the purchasing power of 
the recipient of these increased wages. These 
present rates have been termed war rates, indicating 
that they may rule until the cessation of hostilities, 
when a readjustment may have to take place. This, 
we sincerely trust, will not be a source of friction, 
particularly at a time when there will be the greatest 
need for industrial peace, and when it would be 
national folly to resort to strikes or to interference 
with national industrial activity. In dealing with 
the question of wages it is fundamental that con- 
fidence should exist between the employer and 
employed, based on common sense, frankness, and 
a disposition to give and take.” The following, in 
Mr. Reed’s view, were some of the questions which 
call for solution :—({1) To consider and come to a 
general understanding in reference to apprentices in 
all the various branches of the engineering trades. 
Sufficient attention was not paid to the matter of 
encouragement and training of our. apprentices in 
general and technical education as well as in their 
workshop practice. (2) To consider the matter of 
making the best use of adult and other labour 
which has become trained in mechanical operations 
during the war, and the advisability of introducing 
such adult labour.as in the opinion of the manage- 
ment might be useful operators in an engineering 
works, and to arrange for the grading and progression 
of these workers. (3) To make arrangements for 
rewarding individual effort. He thought that these 


problems might be tackled by a central engineering | 


board, composed of representatives of employers 
and labour, whose business it would be to arrange 
rules and regulations to govern employment to suit 
modern conditions. Such a board, too, might also 
form a final Court of Appeal for the settlement of 
disputes referring to labour and wages. 
many boards already, and it seems very doubtful if 
one added to the number will achieve results; the 
difficulty, rather, in our opinion, is to secure action 
by the boards that exist. 





Our Locomotive Exrorts.—The exports of loco- 
motives from the United Kingdam continue to show a 


severe falling-off, the value of t.1e shipments in September | 


having been only 97,268/., as compared with 290,900/. 


in September, 1915, and 287,618J. in September, 1914. | 


The aggregate value of the exports to September 30 this 
year was 923,955/., as compared with 2,079,121/. and 
2,929, 502/. Swen There has been some revival in 
the delivery of locomotives to Argentina, the value of the 
shipments to that country in the first nine months of this 
year having been 173,658/., as compared with 138,216J. 
and 603,786/. Our deliveries of locomotives to India have, 
however, been quite paralysed by the war, their value 
to September 30 this year having been only 210,303i., 
as compared with 1,111,392/. in the first nine months of 
1915. Australia took locomotives, or parts of loco- 
motives, to the value of 127,6541. to September 30 this 
year, as compared with 62,959/. and 430,9501. respectively. 


There are | 


THE LATE MR. DAVID COLVILLE. 

WE regret to have to place on record the death of 
Mr. David Colville, managing director of the well- 
known steel manufacturing firm of Messrs. David Col- 
ville and Sons, Limited, of Motherwell. Mr. Colville 
had lived during the past two years a very strenuous 
life in connection with the supplies of steel, not only 
for the British Navy and Army, but also for those of 
our Allies, especially France. He had worked con- 
tinually, taking no holidays and little relaxation, and 
on Saturday forenoon last was taken suddenly ill in 
the office of his firm’s establishment. He was removed 
to his home, Jerviston House, Motherwell, but never 
rallied, and died on Monday morning, in his fifty-seventh 
year, leaving a widow, a daughter, and a son—a 
Lieutenant in the Argyll and Sutherland Highlanders, 
who has been awarded the Military Cross, in addition 
to being mentioned in official despatches. 

Mr. Colville was the youngest of the three sons of 
the late Mr. David Colville, who founded the Dalzell 
Works at Motherwell in 1871. The eldest son, Mr. 
John Colville, who was a Member of Parliament for a 
considerable time, died in 1901; while the second son, 
Mr. Archibald, is now the chairman of the company. 
Mr. David Colville, whose death we now record, was, 
like his brothers, trained to the business, and entered 
it as a young man about the time (in 1880) when a 
steel-making plant was being added to the Dalzell 
Works. His exceptional ability and training justified 
the confidence reposed in him in connection with the 
superintendence of this addition to the works. He 
had visited America and several Continental countries, 
studying plant and practice in connection with the 
production of metals. He was a close student of steel- 
making practice generally. He was broad-minded, 
and readily applied those developments which ex- 
perience had proved would add to the reliability of the 
metal, to economy in manufacture, or to the lessening 
of fatigue by the workers. Thus the firm gained a high 
réputation for the manufacture of steel of all kinds, 
notably bars and plates for merchant and war ships. 
The demands in connection with the war, in association 
with the successful management of the Dalzell Works, 
resulted in the firm taking over the Glengarnock Iron 
and Steel Works and the Clydebridge Works (both in 
the West of Scotland) in order to increase their supplies 
to the British and Allied Governments. It may be 
added that Mr. Colville practically devoted all his 
attention to the affairs of the company, and, although 
a member of the Iron and Steel Institute from 1883, 
did not take any part in the proceedings. 





Customs Tarirrs or Mexico.—A Supplement to the 
Board of Trade Journal of the 19th inst. contains a trans- 
lation of the Customs tariff of Mexico, as amended by, 
and annexed to, the Mexican Decree, dated July 31, 
introducing extensive alterations in the Customs tariff 
of that country. The rates of duty established by the 
revised tariff are to come into force as from November 1. 





PROHIBITED Imports.—The Board of Trade Journal 
of the 19th inst. contains a complete list of articles, 
the importation of which into the United Kingdom 
has been prohibited, except under licence, by Royal 
Proclamations of February 15, 1916, and subsequent 
dates, and in respect of which applications for licences 
should be addressed to The Controller, Department of 
Import Restrictions, 22, Carlisle -place, Westminster, 
London, 8.W. It contains also a revised list of ‘‘ In- 
terpretations ”’ made by the Department. 
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Test or THE WitLans Rotary Arr Pump PrLant.— 
The following are the results of tests carried out on one 
of five similar surface condensing plants with Willans 
Rotary Air Pump system, installed at the Durnsford-road 
Power House of the London and South-Western Railway 
Company. This system was described in detail in our 
issue of November 12, 1915. The tests were carried out 
on August 20, 1916, in the presence of the representatives 
of the consulting engineers, Messrs. Kennedy and 
| Donkin, and of Mr. Herbert Jones, chief electrical en- 

gineer to the London and South-Western Railway 
Company. 


| 
| 





Trial number 1. 2. Guaran- 
| tees. 
Duration of test .. " . 60min. 60 min. — 
Load, Ib. of steam per hour 68,176 68,389 | 68,000 
Vacuum at steam inlet to con- 
denser, corrected to 30-in. | 
| barometer “i? ty .. 28.73in. 28.76in. | 28.5in. 
| Corresponding steam tempera- | 
ture oe oe -_ -. 866° F. 86° F. 92° F. 
| Condensate temperature -| 8 F. 82.5° F. | 87° F. 
| Difference between condensate } 
and vacuum temperatures 4.6° F. 35°F.) &° F. 
| Circulating water inlet tempera- 
ture .. es i .. 585° F. 58.5° F. | 65° F. 
Circulating water outlet tem- | 
| perature “* ee --| 80.8° F. 81.1° F. | 83° F. 
Difference between circulating 
water outlet and vacuum | 
temperature . 5.8°F.| 49°F. | Oo F. 


Cooling water, galions per hour | 318,000 | 317,600 | 396,600 
! ! t 


At the date of the test the plant had already been in 
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INDUSTRIAL NOTES. 
Tue Director of the Department of Labour Statistics, 
dealing with the labour market in the Board of Trade 
Labour Gazette, states that in September all the 
principal industries were well employed, while those 
engaged on Government contracts continued to work 
at high pressure. In a few minor trades or branches 
of trades there was some slackness, but in no case was 
there an appreciable number of unemployed. Com- 
pared even with the good conditions of a year ago 
employment on the whole showed an improvement. 
The substitution of women and girls for men continued, 
but the depletion of industry, owing to increased enlist- 
ments, necessitates their employment in much greater 
numbers if industrial requirements are to be met. 

The changes in the rates of wages reported as taking 
effect in September were all increases, and affected 
nearly 200,000 workpeople, resulting in a total increase 
of over 23,5001. per weék. The largest bodies of work- 
people included in the statistics were linen and jute 
workers at Dundee, boot and shoe operatives at 
Northampton, ship repairers on the Thames and 
Mersey, engineers and shipbuilders at Belfast, engineers 
at Sheffield, and wool combers and carders at Bradford. 

The total number of disputes beginning in September 
was 36, and the total number of workpeople involved 
in all disputes in progress was 11,959, as compared 
with 21,096 in the previous month, and 52,869 in 
September, 1915. The estimated total aggregate 
duration of all disputes in progress during the month 
was 180,300 days, as compared with 78,900 in August, 
1916, and 172,400 in September, 1915. 

The average weekly number of vacancies notified to 
all Employment Exchanges for the four weeks ended 
September 8 was 38,717, as compared with 39,113 in 
the previous four weeks, and with 34,957 in the four 
weeks ended September 10, 1915. The average weekly 
number of vacancies filled for the same period was 
31,156, 30,846, and 25,534 respectively. 





During September the retail prices of food in the 
United Kingdom showed an average increase of about 
2 percent. Taking the country as a whole, and making 
allowance for the relative importance of the various 
articles in working-class household expenditure, the 
average increase in the retail prices of food since the 
beginning of the war is 68 per cent. In Berlin, the 
general level advanced in August by 0.4 per cent., as 
compared with the previous month, and stood at a 
point 116 per cent. above the level recorded for July, 
1914. In August the general level in Vienna rose to 
about 178 per cent. above that for July, 1914. For 
31 articles of food considered in the case of 44 Swedish 
towns, the extent of the increase in prices in the period 
July, 1914, to July, 1916, was 54 per cent. 





The consequences of the recent surrender of Congress 
to the railway unions became quickly apparent, says 
the Engineering and Mining Journal, New York. In 
New York there had previously been a strike of traction 
employees, which had been settled by mutual agree- 
ment. After the passage by Congress of the eight-hour 
law, so-called, the leaders of certain unions decided that 
they would call a new strike in order to demonstrate 
their authority. The strike was called, but out of 
about 13,000 employees only 3,000 went out. In the 
course of a few days the strike had proved a fiasco. 
The labour leaders then resorted to their usual tactics, 
the first step being to excite disorders, but these were 
promptly suppressed by the police. New York, adds 
our contemporary, fortunately has a mayor with a 
backbone. 


The Ministry of Munitions announce that, as a 
consequence of the new arrangements in the Employ- 
ment Department of the Board of Trade, the following 
appointments have been made by the Minister of 
Munitions :—Mr. Stephenson Kent to be Director- 
General of Munitions Labour Supply. Mr. U. Wolff 
to be Deputy Assistant General Secretary to the 
Ministry. Mr. Kent will deal generally with matters 
affecting labour supply; Mr. Wolff with labour 
questions arising under the Munitions Acts. 





The action of the Executive of the Cleveland Miners’ 
Association in declining to call a conference to consider 
the question of running a Labour candidate against 
Mr. Herbert Samuel, the Home Secretary, says the 
Yorkshire Post, is referred to in a letter from the front 
to a Redcar citizen, sent by Councillor R. Reyner, of 
Boosbeck, a local miners’ leader, who is now serving 
with the Tunnelling Company of the Royal Engineers. 
“I picked up on going to the trenches a piece of news- 
paper stating that the Cleveland miners are threatening 
to run a candidate at the next election. My feelings in 
that direction are well known, but there are no politics 





service for a considerable period. 





here—nothing but the greatest unity. What I would 
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like to say to those at home is that there is now some- 
thing even of more importance than politics. Politics 
can wait until after the war is won and German 
militarism is laid low, never to rise again. There will 
certainly be a better chance of victory, and it will come 
more speedily, if those at home will show the same spirit 
as out here, where English, Irish, Scotch and Welsh— 
Liberals, Labourites, Conservatives and Nationalists— 
have only one aim and object, the defeat of a common 
foe. They have something more important to do than 
quarrel over politics. There will be plenty for the 
workers to do after the war, but for the present, even 
if the representation remains unchanged, we cannot 
afford to miss the great point of unity.” 





A cireular has been issued by Mr. E. W. Fraser 
Smith, Secretary of the North-East Coast Institution 
of Engineers and Shipbuilders, stating that if it be 
necessary to-have organisations for the upholding of 
economic interests, it is much more necessary to have 
an efficient organisation for the furthering of the 
technical interests of the industries. Unless we 
organise for peace, he added, the “‘ outbreak of peace ” 
might imperil our supremacy, just as that of war took 
us unawares. He made an appeal to increase the 
growth of the Institution. 





At the meeting of the Manchester Association of 
Engineers on Saturday last, the 14th inst., Mr. F. W. 
Reed, the president, dealing with the question of female 
labour in mechanical shops, stated that the capture of 
enemy trade was a question of output rather than of 
totalemployment. Jn normal times we had only about 
4 per cent, of unemployed, and if employment were 
found for these it could not be expected that we should 
be able to accomplish anything but a small fraction of 
the extra trade contemplated after the war unless an 
understanding were come to between employer and 
labour to ensure greater individual output. It would 
be to the interest of the employer to discard out-of- 
date machinery and replace it with modern; more 
especially was this advisable with high wage rates, 
Further, it was not good economy to employ fully 
skilled men on work which could be equally well done 
by semi-skilled men or women. The important part 
women had taken in helping to carry out extra and 
unusual work which the war had brought about was an 
important industrial factor. They had adapted them- 
selves to the novel conditions and had proved them- 
selves capable of keeping pace with male labour on 
repetition work, even to the extent in some cases of 
giving better results. He particularly referred to out- 
put rather than to production costs. Not only had 
they shown themselves capable of success in engineering 
works, but they had taken the place of other male 
labour. No doubt a number of women who had been 
working from purely patriotic motives would resume 
their former occupations, but others would have a 
strong desire to continue working in the mechanical 
trades, Only in rare cases were women doing the work 
of skilled men; in general they were employed on 
work of a repetition nature, but the skill which they 
had displayed afforded reason to believe that they 
could be qualified for more responsible work by a 
proper system of more prolonged training. 





A return recently issued by the Employment Depart- 
ment of the Board of Trade shows that in April, 1916, 
the number of women reported by employers as 
directly replacing males in all occupations in the 
United Kingdom was 547,000, the total in all occupa- 
tions reaching 766,000 in July, 1916. The gross 
increase in the number of women employed in in- 
dustrial occupations since July, 1914, was 362,000, 
but of this latter figure only 263,000 were directly 
replacing men in July, 1916. In commercial occupa- 
tions 201,000 women were directly replacing men, also 
in July, 1916, as compared with July, 1914. The 
replacing of men by women is again increasing in a great 
variety of industrial occupations. 





The Ministry of Munitions has issued a White Paper 
containing a report by Dr. Leonard E. Hill on in- 
vestigations carried out by him on behalf of the Health 
of Munition Workers Committee. After explaining 
the theories of dietary and the amounts of the various 
classes of food required to maintain full working 
power in men and women, Dr. Mill states that he 
visited a number of canteens attached to munition 
works and obtained data from other sources. He 
mentions a number of dishes, showing their calorific 
value and cost. The average canteen dinner, he says, 
is a good one. The cost compares favourably with 
café or restaurant charges, and so the worker gains in 
pocket and obtains a dinner of good food well prepared. 
He investigated also the nature and energy value of 
food brought by workers from their own homes. The 
specimens obtained from workers showed a good average 


energy value, and the committee remark that these 
meals are often supplemented by odd articles bought 
at the canteens. A comparison is made between two 
samples of women’s meals. The first was from a 
women’s restaurant, where roast mutton, boiled 
potatoes, cabbage and syrup roll were obtained for 
6d. ; and the second at a women’s teashop, where roll 
and butter, milk, sugar, stewed prunes and syrup were 
obtained for 7d. The energy value of the first meal 
was reckoned as 68.7, while that of the second was only 
39.7. In order to afford assistance to caterers for 
munition workers, a series of simple but adequate 
meals is tabulated, the cost being from 2s, to 2s, 2}d. 
per day. 


As previously announced in the Press, the Board of 
Trade have had under consideration an application by 
the Forest of Dean Joint Minimum Wage Board for a 
further increase of 4s. in the standard amount under 
the Price of Coal (Limitation) Act, 1915, in respect of 
the mines in their district. The standard amount was 
increased from 4s. to 5s. for this district in September, 
1915, in order to avoid a reduction of wages under the 
wages agreement in force. The present application for 
a further 4s. was based on the increase of working costs 
in the district, the chief item being an increase in wages 
of 20 per cent. on the standard which was recently 
granted by the mine owners in order to bring the wages 
into closer relation with those prevailing in neighbour- 
ing districts. The fact that the application was under 
consideration was announced in the Press on Septem- 
ber 27. One objection was subsequently received by 
the Board of Trade, but was withdrawn. The Board, 
after inquiry, have raised the standard amount for the 
district from 5s. to 6s. 6d. 








THe L 33 Zeprerin.—According to The Times, the 
Zeppelin which came down on September 24, in Essex, 
has a framework or skeleton composed of a series of 
longitudinal lattice-work girders running from end to end 
and connected at intervals by circular lattice-work ties, 
the whole structure being bound together and stiffened 
by means of a system of wires provided with arrangements 
which enabled them to be tightened up. The material 
used is an alloy of aluminium resembling, but, it is said, 
inferior in roe to, that known in this country as 
duralumin. At the largest point the framework has a 
diameter of 72 ft., and is of stream-line form, the bow 
being sensibly blunter than the stern, which, indeed, 
tapers off to a sharp point. The length of the vessel 
appears to have been 650 ft. or 680 ft., and the weight 
complete, with engines, fuel, guns and ammunition, is 
calculated at 50 tons. The hydrogen capacity was 
2,000,000 cub. ft., and there were 24 ballonets, extending 
the whole length of the ship. The airship was built last 
July, and its cost is estimated by the Admiralty authori- 
ties at about a quarter of a million. To enable the 
crew, which consisted of 22 men, to move from one part 
of the ship to another, a cat-walk ran along the keel, 
enclosed in an arched passage. It consisted of a narrow 
footway, 9 in. in width and made of wood—one of the 
very few examples: of wood construction used—and 
provision for ventilation was made in the shape of shafts 
rising to the top of the ship. In all there were four 

ondolas—one forward, two amidships, and one aft. The 
orward one constituted, as it were, the navigating bridge. 
It was divided into three parts. The first was set apart 
for the commander, and in it were concentrated the 
controls of the horizontal and vertical rudders at the 
stern (where also there were four stabilising fins to 
prevent rolling), the engine-room telegraphs, and the 
switches for the electrical release of the bombs. These 
last, of which 60 were carried, were arranged amidships, 
and the sliding door which was opened to allow them 
to fall can still be seen moving freely on its bearings. 
Behind the commander’s room in the forward gondola 
was a cabin for the wireless operator, measuring perhaps 
6 ft. by 4 ft., and behind that again an engine-room con- 
taining a 240-h.p. Maybach-Mercédés engine having six 
vertical cylinders. Behind the engine was a clutch, a 
brake, and a reducing gear, through which the power 
was transmitted to a propeller shaft; a generator for 
the wireless installation was placed in front. One 
similar engine was carried in each of the gondolas amid- 
ships, and three in the aft gondola, all the engines having 
wireless generators attached. There were thus six 
engines, with an aggregate power of 1,440 h.p., and six 
propellers. Of the latter, three were worked from the aft 
gondola, one being placed in the centre at a point-distant 
from the tail about one-fifth of the length of the ship, 
and the other two one on each side; two were driven 
from the side gondolas amidships, and the sixth was in 
connection with the forward gondola. To reduce air 
resistance a stream-line form was given to the propeller 
stays by the aid of a thin two or three-ply wooden casing 
shaped in the proper way. The amount of petrol carried 
was 2,000 gallons, and the speed is sup to have been 
about 60 miles an hour in a still atmosphere. 
armament, apart from the bombs, consisted of nine 
quick-firing guns. Of these two, larger than the others, 
were mounted on the roof, two were in the forward 
gondola, one each in the amidships gondolas, two in the 
aft gondola, and one in the tail. The lightness of the 
construction is shown by the fact that the huge tail, 
still containing the remains of the gun platform, can 
easily be rolled over by one man. 











ELECTRON, 


QUANTA, AND RELATIVITY 

THEORIES. 

To Tae Eprror or ENGINEERING. 
Sir,—The late Professor Osborne Reynolds spent 
20 years in an exhaustive research “On the sub- 
mechanics of the universe,’’ and determined the criterion 
(Phil. Trans., 1895) for the flow of viscous fluids ‘“‘ which 
led to the recognition of the possibility of the analytical 
separation of the general motion of a fluid into mean 
varying motion displacing momentum, and relative 
motion without mean momentum, and this anmeesten 
the possibility that the medium of space might be 
granular, the grains being in relative motion and at the 
same time being subject to varying mean motion.’ 
He, however, failed to divide the close packed dodeca- 
hedral-cubic formation usually assumed for atomic 
marshalling into separate interpenetrating plena; but 
this is ily accomplished by considering one only of 
the two sets of alternate tetrahedral angles of a cube 
inscribed in any one atomic dodecahedral domain and 
thus obtaining a tetrahedral bond for every atom, which 
allows of relative interpenetrating motion of two plena. 
Now, sir, if the motion of one plenum is relative without 
mean momentum it must be due to the Reynolds’ 
dilatancy within the primary or momentum plenum, 
this dilatancy acting separately on every atom of the 
relative secondary plenum. ave we not here the 
physical connection of the mechanics of matter in bulk 
with the real mechanics of the atom, the electron, and 
the quantum? The electron is the spiral atomic momen- 
tum of Poynting’s energy vector carried by one plenum 
of an atomic ether from a positive to a negative centre 
and causing a relative motion of the interpenetrating 
plenum ; while the quantum is the —_ of a heavier 
atom varying with atomic weight which strikes that 
ether, thus producing an impulse which travels across 
it in straight lines as radiation, the wave-length being 
a function of the impulse and the atomic constitution 
of the ether. 

It is well known that mathematicians can present a 
truth but are not always able to give its physical 
interpretation. Maxwell requires his Faraday, just as 
Faraday needed his Maxwell for the interpretation of 
his ee pe conception of a line of force. Osborne 
Reynolds presented us with a truth of which he 
obviously felt the great importance, but we failed to 
understand him because of the mathematico-physical 
interpretation in his work ‘‘On an Inversion of Ideas 
as to the Structure of the Universe.”’ 

With a partially-relative ether the physical meaning 
of relativity becomes clear. Also the equations for the 
motion of a frictionless fluid in bulk are the simplest 
possible, but hitherto the relative atomic motions 
which must occur to correlate inverse variation of speed 
with transverse area of fluid have been unknown. 
Stream lines may be resolved into two components 
mutually at right angles and one for each plenum. 

It is admitted that the Quantum theory and the 
Electron theory, each separately eennslating an 
immense number of facts within its own specialised 
domain, are yet in irreconcilable opposition to each 
other. The situation has developed precisely as foreseen 
by Maxwell and beautifully stated in the preface to his 
“Electricity and Magnetism.’’. To bolster up the 
Weberian System of electrodynamics we are to-day 
asked to call in question the conceptions of time and 
space and even the Newtonian mechanics, thus sacrificing 
reason itself. A mathematician can scarcely write on 
these subjects to- y without using the word “ hope.” 
Hope implies fear: fear that the mathematico-electrical 
theories of matter will come crashing to the ground. 
Bohr’s famous hydrogen atom, for instance, would not 
survive a graphic interpretation. Why is the British 
Association silent on these great subjects ? 

Frep G. Epwarps. 

33, St. Ronans-road, Sheffield, October 7, 1916. 





RELATIVITY, GRAVITATION, TENSILE 
STRENGTH. 
To tHe Eprror or ENGINEERING. 

Srr,—The correspondence on Relativity has been 
somewhat ironical, not explanative. Man’s brain is still 
in progressive structural adjustment to the finer forma- 
tive inherences of matter, constituting the phenomena 
of his earth ; his intelligence is twofold; it is not to be 
expected that the analytical processes of the lower mind 
can deal with the more subtle inherences, even the 
intellect Professor Bergson, in his “Introduction to 
Metaphysics,’ considers not, quite adaptable for his 
purpose, 80, in order to render intuition available he 
intellectualises it, and this method of his cannot but 
have far-reaching results. At page 58 he speaks of : 
“The demonstrations which have been given of the 
relativity of our knowledge”’ as being “ tainted with an 
original vice,” ‘‘ Concepts with fixed outlines in order to 
clasp with them the reality which flows” ; but (page 59) 
the truth is that “ our intelligence can follow the opposite 
method. It can place itself within the mobile reality 
+ + + Can grasp it by intellectual sympathy, which we 
call intuition ‘ in this way it will attain to fluid 
concepts capable of following reality in all its sinuosities, 
and of adopting the very movements of the inward life 
of things.”” is inward life of thi is the subtle 
forces which sway the materials with which the engineer 
deals. 

Involved in this procedure, necessary for “a pro- 
gressive philosophy,’ is the solution of the riddle of 
the harmony between “feeling and thinking” ; tacitl 
acknowledging that concepts, a mode of analysis, wi 
not give one feeling, that is, one cannot argue oneself 
into the feeling of sympathy, the professor from 
the lower into the higher mentality, and bringing to his 
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aid the still higher power of intuition, he merges intellect 
into it; so that, accepting emotion to be a —— 
mentalised, intuition becomes feeling intellectualised, 
and in this the professor has intuitioned an old Greek 
gnosis that the augoeides, or intellectual body-sheath, 
in its functional evolution, finally unisons a vibratory 
absorption in intuition. 

Thus the professor intimates that intuition need not 
be waited for, it can be intellectually seized. ‘ Let the 
professor be now followed to his symbolisms of a stretched 


piece of india-rubber and an extended metal spring 
(op. cit., ve 





13), when he treats of forces that 
had to be dealt with in all materials put to use. Passing 
by his thesis of one’s consciousness of duration, so acutely 
stated, which, however, I apprehend to be a state that, 
as consciousness, unenentell persists independently, 
though co-ordinately amenable to the “ pure mobility” 
of matter ; also passing his query as to “* pure mobility,” 
the act of tension or extension yields “‘ a more faithful 
image of the development of ourself in duration’’; or 
even whether the “‘ tension and extension ”’ be that force 
which holds an iron girder in its specialised form, or be 
the ordinary molecular interlock ; let these two last be 
traced to, perhaps, some useful ener concepts. 

Accepting the ultimate basic forms of chemical matter 
to be the positive and the negative two ultimate and 
permanent atoms, as stated in ‘“ Occult Chemistry,” 
whose internal many-graded circular rings of 
(pure) force gyrate at great speed, in the one atom to the 
right, and in the other to the left, these two sets of 
many-phased streams of oppositely moving force can 
energise when in contact into an interlock determined 
by the arrangements of the particular element’s mole- 
cules, and is amenable not only through its rings but 
also through the higher forces of “‘ the atoms of the four 
higher planes which surround and interpenetrate it” 
to such of the earth’s magnetic forces that may be 
harmonious thereto. Iron possesses t tensile 
strength, and it is not improbable that this is due to 
the earth’s magnetic iron-quality flow being dynamically 
or rather harmoniously segregated in all iron deposits 
in the earth which magnetises every piece of iron with 
its current, and it is this current which may constitute 
the tensile strength. This hypothesis would posit that 
there are much less deposits, say, of lead than of iron, 
and that the earth’s force is not particularised so far as 
the lead-structure be concerned, this metal being onl 
attracted, as it were, by simple gravitation. The eart. 
in its continuous axial revolution receives the many- 
graded emissive outpourings from the sun, so con- 
stituting, not only to our planet, but to each planet, a 
agri ye =) systolic action; the diastole is said to take 
a similar time—five years—and the sun’s fiery purging 
process one year, sunspot year; each planet would, 
therefore, in crossing the outpouring and inpouring 
streams of matter, render itself subject to “ planetary 
influences,” but astrology has much to learn before it 
can take its place as a science. 

What I have written is not said to draw polemical 
—— but to place the subjects mentioned in perhaps 
a light relatively clearer. 


London, 8.E., October 9, 1916. A. H. B. 





RESTRICTION OF OUTPUT. 


To tHE Epiror or ENGINEERING. 

Sir,—The diagnosis in your current issue of the cause 
of the workers’ opposition to Pape Ay methods 
mistakes, I believe, the minor for the major cause—the 
major cause pen the idea of the lump of labour or fixed 
quantity of work to be done and the consequent fear 
of an. 

How deep-rooted and well-founded the last fear may 
be no one in a secure position can realise. I have worked 
on a large variety of jobs both in this country and 
Canada, and I am convinced that except in a few cases 
men would rather work to the limit of their capacity 
than waste time, given, however two conditions—the 
hours of labour must not be unduly long and the men 
must either feel secure of work enough to last or of 
another job. 

There is one other point—the idling habit once 
acquired is hard to get rid of, and works should so be 
arranged that the younger generation will not acquire it. 
Foremen are too often indifferent as to how apprentices 
spend their time, oblivious of the fact that habits of 
indolence are being formed, and the same applies to 
spells of unemployment. 

My contention is that a healthy man, free from anxiety, 
will delight to spend his strength and do as much work 
as he can, and it is up to = to see that wages 
are sufficient to meet these ends. 

I could illustrate these arguments by copious extracts 
from my own experience and reading, but have perhaps 
trespassed far enough upon your valuable space. 

Yours truly, 
Joun 8. Rann. 

Manchester, October 15, 1916. 





THE BURSTING OF WATER-PIPES. 
To Tue Eprror or ENoreerine. 

Srr,—In your issue of September 22 you give under 
the heading of ‘‘ Notes’’ a very interesting résumé of 
observations on ‘‘ Growth of Crystals under Pressure.” 
So far as crystals formed in a saturated solution are 
concerned, I can quite imagine that such may ibly 
be capable of exerting a linear pressure, as probably a 


film of the mother liquor will be drawn into the infinitesi- 
mal space which exists at the base and also at the point 
of the orystal. 





This film will in turn yield small crystals which will 
add appreciably to the height of the whole and thus 
exert a certain degree of pressure. Towards the end, 





of the “ Note,” however, there occurs a remark which 
leads me to doubt if the bursting of pipes by freezing 
water has been properly understood. When water 
contained in a thin test tube of is frozen by 
immersing it in a suitable freezing mixture it will freeze 
solid without bursting the fragile tube. The reason for 
this is plain. When the water begins to freeze it is, 
of course, the layer of liquid next the glass which becomes 
solid and as crystals grow normal to their starting 
point a time comes when the crystals meet in the centre 
of the tube. Up to this point there has been an increase 
in bulk of say 10 per cent. as compared with the volume 
of the water which has become solid, but as soon as the 
crystals touch all growth must cease as there is no liquid 
between the points of contact from which new crystals 
may be formed. From this it is evident that the freezing 
of water in pipes can exert no radial pressure on the 
bounding surfaces. What really bursts a frozen pipe is 
the fact that the growth of crystals in any part of a 

jipe causes a displacement of water equal to about 
fo per cent. of the water which has become solid. Now 
the displaced water must go somewhere, and accordingly 
it moves into the of the pipe where there is still some 
liquid. The result is that a pipe always gives way at 
the part which is last to freeze and this I have verified 
over and over again experimentally. A lead pipe filled 
with water, made secure at the ends and wrapped round 
with felt in the centre for a few inches and then allowed 
to freeze, will inevitably burst where protected. This I 
think is absolute proof of the correctness of what I have 
tried to set forth above. Sti to say I have never 
met with anyone who had this extremely simple 
solution of burst .* Even so eminent a man as the 
late Professor v . Lewis, lecturing at the Royal 
Institution, told the audience that making pipes of oval 
section would prevent damage. 

Yours, &c., 
Gro. RopGEr. 


34, Oak Hill-road Sheffield, October 6, 1916. 








STARTING DIESEL ENGINES WITH LOW 
COMPRESSION. 


To THE Eprror or ENGINEERING. 

Sim,—The letter of Mr. Benton in your issue of the 13th 
inst. on the above subject contains many exceedingly 
interesting questions, and I regret that I cannot, at 
present, deal with more than two or three of these. 

Mr. Benton has misinterpreted the indicator diagrams 
— in my British Association paper, published in 

NGINEERING of September 22. The diagrams in Figs. 
2 and 3 are of the same general character, although the 
compression pressure varies from about 470 Ib. in the 
first line of diagrams of Fig. 2 to 260 lb. pressure in the 
case of some of the diagrams in the second line of Fig. 2, 
and in Fig. 3 the compression pressure for one diagram 
is 220 lb. per square inch. 

All the diagrams in Figs. 2 and 3 may be described 
as of the Otto cycle type, that is, the inflammation of the 
charge occurs at constant volume. The diagram shown 
in Fig. 5 is approximately of the form normal to the 
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Diesel type of engine, and the inflammation in this case 
takes place at approximately constant pressure. The 
change in form of the diagram from that shown in 
Fig. 2 to that shown in Fig. 5 is not due to a change in 
the density of the charge at the end of compression, as 
suggested by Mr. Benton, because, as shown in some of the 
diagrams in Fig. 3, the compression pressure to those 
diagrams is lower than for Fig. 5. 


I send herewith two indicator diagrams which I have 


taken to-day from the Diesel engine referred to in my 
paper, and in both of these diagrams the compression 
pressure was only 165 lb. per square inch above atmo- 
spheric pressure. In Fig. | the inflammation took place 
at constant volume, whereas Fig. 2 shows only a com- 
paratively slight increase in pressure during inflamma- 
tion. Neither of these diagrams gives any indication 
that the lower limit of compression ‘pressure to effect 
self-ignition has been approached in these cases, and, as 
stated in my British Association paper, I think that it 
should be as easy ‘‘ to obtain ignition temperature by 
compression to two atmospheres as it is to obtain it in 
the ordinary way by compression to 34 atmospheres ; but 
I have, not yet e the experiment with such low com- 
pression pressure.”’ : 

aaeesling to my view of the matter Mr. Benton is 


in error in assuming that reduction in ‘“‘the weight of 
working fluid’ must lead to increase in the rate of 
cooli during compression. If the mass of gas is 
reduced to one-half, while its temperature remains 
constant the number of molecules of the gas which will 
collide per second with the walls of the enclosure will be 
redu to approximately one-half, and, therefore, the 
rate of loss of heat will also be reduced to approximately 
one-half. The reduction in the density of the gas will 
increase the average length of the free path of the 
molecules, but this will not atly affect the result. 
The important matter in the above case is not the area 
of cooling surface per unit mass, but the area of cooli 
surface per unit volume, and this latter ratio remaine 
constant in my experiments. I may add that the paper 
which I actually read before the British Association 
was only a small section of a much larger paper which 
I had prepared. The publication of the much larger 
section was deferred, for reasons not unconnected with 
the war. This statement will indicate why fuller data 
were not given. 

Yours faithfully, 

W. H. Warxrnson. 





OIL-ENGINE NOMENCLATURE. 
To THE EpiTor oF ENGINEERING. 

Sir,—With reference to your correspondent Mr. 
Hughes’s letter, published in your issue of June 30 last, 
page 622, in which he refers to Dr. Clerk discussing, in 
1905, experiments carried out by him in injecting gas 
into compressed air as early as 1887, I have the keenest 
regard for the good work done by Dr. Clerk on the gas 
engine, but with the absence of any reference in either 
Dr. Clerk’s text-book ‘‘ Gas and Oil Engines,” 1896, or 
Clerk and Burl’s text-book, 1912, as to the practical 
pu of any such experiments, or indeed any reference 
to them at all, it is very evident that even Dr. Clerk 
did not consider the matter of great importance. 

To better qualify my letter in your issue of June 23 
Iam sending two illustrations* of the earliest ‘‘ Akroyd ” 
oil engines, together with indicator diagrams, &c. No. 3 
was taken by Professor Robinson at Bletchley Iron 
Works, Bletchley, Bucks, in 1891, the others by myself. 

I am pleased to note from your advertising columns 
a growing disclination by British makers to the term 
“‘semi-Diesel,”” and if my correspondence has been 
instrumental in any way in bringing this about I shall 
be repaid. 

It certainly does seem an absurdity that we should 
““semi’’ anything when the “‘ whole thing” is purely 
British. 

I thank you for your past courtesy. 

Yours faithfully, 
HERBERT AxkRoyD Srvuart, M.I.M.E. 





Trave or Inpra WITHIN THE Emprre.—The Secretary 
of State for India has authorised the Indian Committee 
of the Imperial Institute to inquire into and report on 
the possibilities of further extending the industrial and 
commercial utilisation of Indian raw materials in this 
country and elsewhere in the Empire. 





ENGINEER-IN-CHIEF OF THE GLASGOW AND SovuTH- 
WeEsTERN Rattway.—Mr. William Melville, who has 
been for 25 years the engineer-in-chief of the Glasgow 
and South-Western Railway, is retiring from active work 
at the end of the current month, and is to be succeeded 
by Mr. Thomas Keeling, who has been in the service of 
the company since 1882 and has acted as chief assistant 
for a number of years. Mr. Melville has throughout his 
professional career been associated almost exclusively 
with railway engineering in Scotland, and has done much 
important work for all the three principal railways. He 
was chief assistant engineer in Glasgow for the North 
British Railway, and amongst his important works was 
engaged upon the construction of the Queen Street 
passenger and goods station and grain store. He built 
the Craigendoran Railway and Pier near Helensburgh, 
and it is a remarkable coincidence that in later years he 
also was responsible for the Gourock Railway and Pier 
for the Caledonian Railway, and still later for the great 
improvements effected at the Princes Pier of the Glasgow 
and South-Western Railway, so that all three river 
terminals for passenger traffic of the three Scotch com- 

anies are largely the work of Mr. Melville. He was 
for many years chief assistant engineer for the Caledonian 
Railway. Among other works he extended the Cale- 
donian lines in the City of Glasgow, from Dalmarnock 
to St. Rollox, and widened the line from the central 
station across the River Clyde. While with the late 
Mr. Graham, too, he prepared a number of working 
drawings for important lines, some of which have since 
been carried out. On almost every line of the Glasgow 
and South-Western Railway he has effected improve- 
ments during his 25 years’. work, the most important 
perhaps being the construction of the new viaduct 


c ing four lines of railway from St. Enoch’s Station 
across the River Clyde. The bridge varies in spans from 
60 to 130 ft., and the construction of the approaches 
required the demolition of considerable street property. 
St. Enoch’s Station was also extended, and, as we have 
said, a new station at Princes Pier was also made. He 
also reconstructed the Largs Pier, and did considerable 
harbour work at Troon and other commercial ports served 
by the Glasgow and South-Western Railway. He con- 
structed an esplanade on the foreshore at Ayr. The 
geographical mileage of the South-Western Railway in 
1891 was 319, and is now 447, 74 miles having been 
constructed. In the case of 29 miles widening has been 
effected. The mileage of lines purchased was 54. 





*:[We do not consider it necessary to reproduce these 





illustrations.— Ep. E.] 


Oct. 20, 1916.] ENGINEERING, 


ae 391 








Carbon, 0.009 r cent.; sulphur, 0.009 per cent. ; 
phosphorus, 0.001 per cent.; silicon, 0.006 per cent. ; 
manganese, 0.001 per cent. ; copper, 0.006 percent. This 
was drawn through sapphire dies into wire of 0.05 
cm. diameter. e platinum of the thermocouples, 
and also against which the thermo-electric power of iron 
was determined, was from Johnson and Matthey. The 
thermo-electric force developed by this platinum against 
the purest samples of normal Heraeus thermocouple 
platinum was determined at 1,100 deg. C.(5) The 
difference in thermo-electric power vieg Ties 0.1 
microvolt, except for one series with a contaminated 


THERMO-ELECTRIC MEASUREMENT OF THE 
CRITICAL RANGES OF PURE IRON.* 


By Grorce K. Burcess, Se. D., and H. Scorr (Bureau 
of Standards, W: i m). 
Introduction.—There have been a number of thermo- 
electric observations made over the critical ranges of 
iron, A2 and A3, using an iron wire as one element of a 
thermocouple and usually a platinum or copper wire as 
theother.(1) These Kemabmene mee4 the disadvantage 
of giving the total electromotive force developed between 
the cold junction kept at ordinary temperatures and the | platinum couple. 
hot junction immersed in the heated region of a furnace;| The Apparatus.—The ap tus is essentially the same 
there may thus be ambiguity of —— of thermo- | as that used for the sharnel conker of the critical ranges of 
electric effects along the iron wire. essrs. Boudouard | iron described in detail in Scientific Paper No. 213 of the 
and Le Chatelier endeavoured to overcome this difficulty, | Bureau of Standards. Its principal characteristics are a 
in the case of certain steels,(2) by using short bars to | double-walled electric resistance furnace of 60 cm. length 
the ends of which platinum wires were attached, but they |in which a vacuum is maintained; an automatically 
were unable to get very satisfactory observations due to | controlled A.C. current supply for heating and cooling 
temperature irregularities, nor did they work with pure |the furnace uniformly at any desired rate; a drum 
iron. Dr. Benedicks has recently devised a method(5) | chronograph for recording times of observation to 0.1 
which, as described, has the disadvantages above noted | second ; a potentiometer reading to 0.1 microvolt ; two 
of ambiguity, and in addition seems to require for the | galvanometers and a suitable commutator, by means of 
detection of a transformation point that it exist at | which temperatures and temperature differences may be 





different temperatures on heating and on cooling. 
It has been demonstrated, however, that the thermal 
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effect for the transformation A2 occurs at the identical 
temperature 768 deg. C. on heating and cooling(*+) and the 
same might be expected to be true for the thermo- 
electric effect. Benedicks was unable to detect any 
thermo-electric effect at A2. 

The Method.—With the object of furnishing a more 
exact experimental basis on which to construct an 


adequate theory of the iron transformations, it seemed | 
desirable to investigate the thermo-electric phenomena | 
of pure iron more accurately than has hitherto been done. | 


In the following experiments we have used a modifica- 
tion of the method of Le Chatelier giving the thermo- 
electric power directly, but have succeeded in eliminating 
the uncertainties of temperature control and distribution ; 
have carried out the experiments in vacuo, and have 
used iron of exceptional purity. The observations 
extend over the range 0 deg. to 1,000 deg. C., and the 
thermo-electric characteristics of the transformations 
A2 and A3 have been determined with considerable 
accuracy. It has been found possible to measure the 
thermo-electric power (dE/dt) of iron against platinum 
for intervals of 2 deg. up to a temperature of 1,000 deg. C., 
from observations in which-the fall of temperature along 
the iron remained quite constant, usually less than 10deg.C. 

The Materials—The iron used in there experiments 
was from an electrolytic deposit which had been subse- 
— melted in vacuo and was of an exceptionally high 

egree of purity, 99.968 per cent. iron, being from 
Sample F4 of Scientific Paper No. 213. Its analysis gave : 





* Paper contributed to the autumn meeting in London, 
September 21-22, 1916. 


(1) This and succeeding numerals allude to “ references” 
overleaf. 





| measured to 0.01 deg. C. and electromotive forces of the 
| iron-platinum couple to 0.07 microvolt. 








5) 


Potentiometer 


Fig.3.. _THERMO-ELECTRIC POWER AND 
PELTIER EFFECT FOR JRON-PLATINUM COUPLES. 





The arrangement of the iron sample in the furnace is 
| shown in Fig. 1. A length of iron wire—5 to 7 cm.— 
| is inserted, either by electric welding or with the oxy-gas 
| flame, between the junctions of two Le Chatelier thermo- 
| couples within an outglazed porcelain tube which has a 
|small opening communicating with the vacuum space 
| of the furnace. The iron wire is displaced slightly from 
the hottest region within the furnace so that a small 
temperature difference will always exist between the 
| two ends of the wire; and care is taken that one end— 
| and not an intermediate region of the wire—is its hottest 
| part. 
4 Observational Method.—With two observers, simul- 
taneous observations were taken at 2 deg. intervals of : 
(1) the temperature of one end of the iron wire by means 
| of a thermocouple and potentiometer (see Fig. 1), and 
| (2) the deflection of a galvanometer (G) connected across 
| the platinum wires having the iron in the circuit ; every 
| 10 deg. the temperature of the other end of the iron wire 
| was taken with the second thermocouple. The instant of 
| each observation was recorded on the chronograph. The 
| true electromotive forces of the iron-platinum couple 
| caused by the temperature drop along the iron wire were 
| then calculated (from 2), correction being made for the 
| quality of platinum (negligible, except for one series) 
| and resistance of circuit and galvanometer. This electro- 
motive force, divided by the corresponding difference in 
temperature, i.e., between the two ends of the iron wire 
(2 deg. to 3 deg.), was taken as the true thermo-electric 
power of the iron-platinum couple at the temperature of 
the hot end of the iron wire. A few observations were 
also taken around 0 deg. C. and 100 deg. C. by the usual 
method of using an iron-platinum thermocouple having 
ires passing from the region of variable temperature 
to a constant temperature, ice or steam. 

The thermocouples were carefully intercompared and 
calibrated several times during the experiments, and 
several calibrations were taken of the galvanometer (G) 
and scale giving electromotive forces across the iron- 
platinum couple. T'wo sets of thermocouples were used, 
and four lengths of iron wire, all from the same analysed 
|gample. The rate of heating or cooling was usually of the 
| same order of magnitude and was about 0.1 deg./sec. 
| The Experimental Results.—These are given in Fig. 2. 
|For the dotted curves, the ordinates are proportional 
|to the observed values of galvanometer deflections 
(G of Fig. 1), which again are approximately proportional 

to the thermo-electric power of the iron-platinum couple. 
| The abscisse are temperatures. Each dot represents an 
| observation on the respective heating or cooling curve 
marked “‘ up” or “down.” The dashed curves represent 
the differences in temperature between the two ends of the 
iron wire for the adjacent heating or cooling curve. 





It is seen that, for the several series, A3 is indicated 
a marked discontinuity in thermo-electric power, as 

ready noted by Benedicks and others for the electro- 

motive force-temperature curve. As would be ex 

from the thermal(‘) and slectrical(6) observations, Ac3 

always occurs at a somewhat highertemperature than Ar3. 

The A2 transformation manifests itself, in all cases, 
by an abrupt change in direction of the curve repre- 
senting thermo-electric power against temperature. As 
shown, this is slightly above 768 deg. C., the maximum 
of the thermal transformation. The actual location of 
the break in the thermo-electric curve appears to be 
related to the length of iron wire and the temperature 
distribution. The thermal 'transformation—absorption 
or evolution of heat—is also sharply marked on the curves 
as a protuberance or dent at exactly 768 deg. C. The 
fact that this thermal phenomenon is always recorded, 
even at the junction of wires only 0.05 cm. in diameter, 
is further evidence of the sensitiveness of the method 
of measurement and of the persistence of A2 to assert 
itself when given an opportunity. 

The lower portions of the curves below 400 deg. C. are 
less satisfactory than at higher temperatures, and for 
several reasons. There is ter diffculty in obtaining 
uniformity of temperature distribution, greater sensitive- 
ness to draughts, and at times there were galvanometer 
and pomp troubles; also the heating currents below 
400 deg. C., which protect thermally the sample, were 
almost if not quite zero. 

It will be noted that for all the curves, the Al trans- 
formation at about 700 deg. C., due to the presence of 
carbon, is absent. For iron containing as little as 0.1 per 
cent. carbon, this Al point is, however, very marked, and 
was obtained accidentally by the authors when oil vapour 
from the vacuum pump got into a sample of pure iron. 
There appears to be no permanent change in direction of 
the thermo-electric power curve at Al, but this trans- 
formation produces a jagged swinging back and forth 
during its progress. authors expect to be able to 
publish shortly an account of the thermo-electric pro- 
perties of carbon steels. 


b 





Tasie I.—Thermo-Electric Power of Iron Against Platinum, 





Temperature, | Microvolts Peltier 
Centigrade. | per aoe Effect. 
t. dB/dt. T dE/dt. 
0 19.5 5,320 
100 18.1 6,750 
200 15.4 | 7,280 
300 11.7 6,700 
400 9.5 6,390 
500 9.1 7,030 
600 10.8 9,430 
700 14.3 13,910 
775 18.1 18,980 
800 18. 19,740 
880 19.4 22,350 
Heating. Cooling. | Heating. Cooling. 
900 19.7 7.5 | 23,100 20,51 
910 19.4 10.8 22,940 12,770 
920 16.6 10.9 19,800 3, 
930 11.4 11.1 | 18,710 13,350 


1,000 | 12.6 | 


In Table I and Fig. 3 are shown the true thermo- 
electric power (dE/dt) versus temperature between 
0 deg. and 1,000 deg. C. of the iron-platinum couple, 
being the most probable values computed from all the 
series of observations shown in Fig. 2, after all correc- 
tions are applied. The Peltier effect, T dE/dt, or the 
product of the absolute temperature and thermo-electric 
power, is also shown. 

Summary and Conclusions.—There is described a 
sensitive method for the t of the ch of 
true thermo-electric power with temperature by means 
of which observations may be taken in vacuo at intervals 
of di The thermo-electric Bag of the couple 
iron-platinum has been determined for the temperature 
range 0 deg. to 1,000 deg. C., using iron of 99.968 per 
cent. purity. 

The A3 transformation in iron is indicated by a marked 
discontinuity, Ac3 being always above Ar3. They are 
located at the same temperatures, as closely as could be 
desired by the thermal, crystallographic, ee 
electrical resistance, dilatational, and thermo-electric 
methods, Ar3 just below 900 deg. C. and Ac3 slightly 
above 910 deg. C. These physical discontinuities are 
apparently all a measure of the same transformation 
which it is generally agreed to call “ allotropic,” and 
which appears to delimit two phases in the iron. 

At A2 the thermo-electric power-temperature curve 
has a break, or change in direction; and the other 
physical properties, except crystallographic change, 
which has not been detected at A2, ap’ to undergo 
abrupt but slight modification—except for the magnetic 
change, which is relatively enormous here. 

As before stated with reference to the electrical resist - 
ance change (6), it is here again shown, this time for the 
thermo-electric effect, that the A2 and A3 transformations 
are essentially different in kind, but nevertheless both 
have a distinct physical existence; or in other words, 
A2 and A3 are critical points that properly may be said 
to delimit a, 8 and y iron. There appears to be no 
break or discontinuity in the thermo-electric properties 
of iron between 0 deg. and 768 deg. ; the actual shape of 
the thermo-electric power curve is, of course, contributed 
to by both the iron and the platinum. 

At about 880 deg. C., in the § range, there appears to 
be a slight discontinuity in thermo-electric properties of 
iron. . A break in the 8 region was first claimed by 
Weiss for the magnetic properties, is also noticed in the 
dilatation curves of Benedicks, and Burgess and Crowe 








called attention to it in their thermal study. The 
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existence and meaning of this phenomenon are, however, 
too uncertain to describe them with positiveness. 
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EXTENT AND PHYSICAL CHARACTERS OF 
NORFOLK OIL-SHALES. 

Mr. Witizam Forses-Lesuiz, M.B., F.G.8S., read 
a paper on the Norfolk Oil-Shales at a meeting on 
Tunedas , 17th inst., of the Institution of Petroleum 
Technologists. After reviewing the history of oilfields, 
he dealt at great length with the geology of English 
shale-fields, and particularly those of the Norfolk shales. 
The author said there -is little doubt that a large 
oil-shale basin of Kimmeridge time existed in Norfolk. 
The evidence for such belief rests upon an analysis of the 
structure of the east of England when brought into 
alignment with known tectonic conditions within the 
area. Its geographical extent has not yet been com- 
sletely demonstrated, although its visible geological 
rare have been traced for many miles north and 
south and for considerable distances on the —_ The 
possibility of the Kimmeridge series being cut off against 
the edge of the chalk has not been lost sight of, but all 
research work in this direction goes to prove that the 
Kimmeridge beds dip underneath the chalk. No signs 
of faulting, such as cuts the Kimmeridge beds and brings 
them against the chalk at Ridgeway, in Dorset, can be 
observed in the eastern section of the Wormegay basin. 
The boring at Holkham, 743 ft. deep, is od to have 
terminated in Kimmeridge clay, although another 
version makes it terminate in Lower Greensand. Never- 
theless, adjacent and available data lead to a belief 
in the permanence of the Kimmeridge beds beneath 
and seaward of the chalk shoreline at Holkham and 
Hunstanton. With a proved thickness of 6 ft. of oil- 
shale in Smith’s series, and 6 ft. in the Puny Drain series, 
or a total of 12 ft., every acre of ground should yield 
something like 24,000 tons of shale, and half a square 
mile may be considered as providing for a 1,000-ton 
output per day for 20 years. It is obvious that the oil 
contents of the Norfolk end of the Kimmeridge outcrop 
will add very considerably to the oil resources of the 
United Kingdom. The whole question of the English 
Kimmeridge measures demands investigation. 

As to chemical composition, he said when the shale 
is shaken up with ether that it is possible to recover as 
much as | per cent. of oil, whereas when shaken up with 
carbon disulphide the shale yields only 0.25 per cent. 
A number of analyses have been made of the Norfolk 
oil-shale during the progress of research work under- 
taken on the northern section of the outcrop. It has 
been found that the average volatile content in the two 
series is remarkably constant. Three analyses may be 
given as examples of the relative value of the two series. 


Smith’s Puny Drain 

Series. Series. 
Moisture ote ane 9.8 8.0 4.1 
Volatile organic matter 35.1 31.7 37.1* 
Fixed carbon ... —— * 16.3 12.0 
.” oe ace 39.8 44.0 46.8 


The oil obtained is golden black in colour, with a purplish 
tint on reflected lights. The oil is very fluid, running 
almost like water, despite the fact that its specific gravity 
is as high as 0.942 to 0.960. In this respect it differs 
from the Scotch shale oil, which is dark green in colour, 
with a specific gravity of 0.860 to 0.890, and is very 
viscous, with a settling point of about 32deg.C. Norfolk 
shale oil differs likewise from oil derived from the Dorset- 
Kimmeridge series, both in its colour and in its viscosity. 

The specific gravity of the motor spirit or petrol obtained 
from redistillation of the oil is 0.855, with a low flash 
point. Scotch shale naphtha has a specific gravity of 
0.734. Bulk tests carried out on Puny Drain shales, 
both in the field work erected near the outcrop, and in 
works under the supervision of engineers appointed by 
financial interests, gave highly satisfactory results. The 
yield of oil on a commercial is was 40 gallons to the 
ton, the nitrogen content was about 1 per cent., and the 
yield of sulphate of ammonia was 66 Ib. per ton ;_ while 
there were obtained 25,000 cub. ft. per ton of dry i 
possessing highly illuminating properties. Sulphur 
contents were as high as 6.4 per cont, The oil obtained 
on these bulk tests had a high specific gravity, namely, 
0.942 to 0.960, was very fluid, and yielded on distillation :-— 


Fractionation up to— 


100 deg. C.... ~ 3.8 3.8 
100 deg. to 170 deg. C. 5.7 9.5 
170 deg. to 245deg.C. ... 19.2 28.7 
245 deg. to 310 deg. C. cae 39.2 67.7 
Water... eee eee eee 0.8 68. 
Pitch and loss 31.5 100.0 


In tho field trials, fractionation of the oil gave results 
recorded in the next table. 


* Including combined water and organic sulphur. 








0 deg. to 185 deg. C. ove oon 23.3 
185 deg. to 250 deg. C. stot eee 
250 deg. to 300 deg. C. eee oss 20.8 
Above 300 deg. C. by difference tee 31.3 


The yield of fractions coming within the limits of the 
motor spirit series is considerable, and of the utmost 
importance. In addition, the oil yields from 3 to 4 per 
cent. of bases extracted by weak acids, 3 to 4 cent. of 
crude phenols, cresols, &c., 3 to 4 per cent. benzol and 
toluol. The main interests of these bulk trials is the 
extremely low temperature at which the shales yield a 
big proportion of their oil contents, and that the residues 
contain 20 to 27 per cent. of carbon, fixed and unfixed. 
Only one factor may be conceived to affect the value of the 
deposits, and that is the quantity of the sulphur contents, 
which vary from 4.32 to 7.8 per cent. 








THE ELECTRICAL INDUSTRY OF THE 
CENTRAL POWERS. 


Penpina the further commercial and industrial 
consolidation of Germany and Austria, and perhaps 
their allies, which is bound to result from the war, and 
for which preparations have already been going on for 
some time, it is of interest to see the extent to which 
co-operation already exists, thanks to German enterprise. 
Perhaps the doings in the electrical industry are the 
most instructive, evidencing what it has been possible to 
do without the tariff facilities and probable kartel 
arrangements which in due course are sure to ensue. 

The firm of Siemens and Halske had already, for a 
considerable time, had a branch in Vienna for smaller 
electrical articles when they constructed the two large 
continuous-current central stations in Vienna, for which 
purpose their works were materially extended. When 
the amalgamation of Siemens and Schuckert took place 
the movement extended to Austria as far as the Austrian 
Schuckert undertaking was concerned, which, again, had 
been developed from the Austrian firm of Kremenezky, 
Mayer and Co. By-and-by the Leopoldau cable works 
were absorbed, [a limited company was formed in Buda- 
pest, and a factory erected in Pressburg. a 
Austrian capital preponderates in this undertaking, the 
German mother company exercises a material influence. 
The business spheres of the three companies—Berlin, 
Vienna and Budapest—are stringently defined, so that 
no clashing of interests can occur; thus the Vienna 
company works the Balkans, with the exception of 
Roumania, and the Levant, but must not export to any 
other country. In production, constructive work, 
propaganda and financial doings the three companies 
assist each other, and the results of experiments and 
invention and the experience gained in all parts of the 
world benefit all three concerns, although each retains 
perfect independence. 

The Allgemeine Elektricitéts Gesellschaft, Berlin, has 
gained its footing in Austria in a different way. To begin 
with it only had an installation concern in Vienna, and 
its products were sold through a special firm, registered 
as acompany. After the Allgemeine’s fusion with the 
Union Electric Company, Berlin, they took over the 
Austrian Union Electric Company, founded by Germans, 
jointly with the Union Bank, Vienna, which expansion 
meant not only a firm basis for future extension within 
Austria, but also an up-to-date footing, by means of 
which the Allgemeine Elektricitéts Gesellschaft was 
enabled to counteract or neutralise the increased tariff 
on electro-technical products, which increase in duty 
to a great extent was directed against the competition 
from this very company. Through its connection with 
a large financial concern the Austrian Allgemeine entered 
into close relationship with important industrial concerns, 
and speedily attained to a position in Austria corres- 
ponding with the mother company’s position in its own 
country. In spite of the bulk of the capital being 
Austrian, there is the closest relation between the Vienna 
and the Berlin undertaking, and the advantages of joint 
working methods, &c., already referred to in connection 
with the Siemens concern, have here manifested them. 
selves in the most satisfactory manner. 

The third large German electric firm, the Bergmann Elec- 


tricity Works, has also for years paid much attention to~ 


the Austro-Hungarian market. As a commencement 
the Bergmann concern sold their specialities, insulation 
tubes, installation materials and machinery, through 
representatives in Vienna and Budapest ; but to avoid 
being hampered in its movements by the increased duty, 
already referred to, it was found expedient to erect a 
large factory within the Austrian Empire, at Bodenbach, 
cables and wires being added to the articles mentioned 
above. The Bodenbach concern works, through numerous 
branches, the whole of the monarchy, maintaining the 
same close connection with the mother undertaking as the 
two large concerns already mentioned. 

It is not, however, only these three world-firms which, 
naturally enough, have secured a safe footing in Austria- 
Hungary, but firms whose manufacture is confined 
to specialities have founded branches and works in 
Austria. Felten and Guillaume, Miihlheim, to mention 
one —_ have followed the plan of building up their 
Austrian business on the basis of an already existing 
factory, and by securing the business and personal con- 
nections of this factory have disposed of unwelcome com- 
petition. After 10 years’ working as a private firm, 
the concern was turned into a limited company, iron and 
steel works were acquired, and a daughter company 
formed in Hungary. The German mother firm has 
maintained its close connection with the Austrian under- 
taking and holds the premier place on the board. 

In the accumulator branch there is the closest co- 
operation between the parent concern, the Accumulator 

meoey at Hagen, and the Austro-H ian concern, 

hich by degrees has bought up almost all competing 
firms in the country and installed their man ure 








in the works of a previous competitor, the Hirschwang 
firm. The Austrian company also works Roumania 
through a branch in Bukarest. 

In the meter industry the poe may or ea Company 
belongs to the Aron concern, the Isaria Elektro Company 
has been founded by the Isaria Company in Munich, and 
the Danubia Company has a sister company in Strass- 


urg. 
As apes telephones, the Telephone Fabrik Company 
(formerly of Berlin) holds the chief representation for 
the well-known Hanover house, and the chief manage- 
ment of the entire undertaking, to which also an Austrian 
factory has been connected, is domiciled in Vienna. The 
other large concern, the United Telephone and Telegraph 
Works, Czeija, Niszl and Co., Vienna, is the outcome of 
an amalgamation of several Vienna firms and works in 
close connecton with an important German firm ; here, 
too, technical co-operation and limitation of selling 
spheres have been in force for years. 

In the incandescent lamp industry matters are 
different, inasmuch as Austria, thanks to the inter- 
national syndicates, has been allowed, undisturbed, to 
supply the home market. 





COLONIAL ENGINEERING PROJECTS. 

We give below a few data on Colonial engineering 
projects, taken from the Board of Trade Journal. Further 
information on these can be obtained from the Com- 
mercial Intelligence Branch, Board of Trade, 73, 
Basinghall-street, E.C. 

Australia.—The Sydney Office of H.M. Trade Com- 
missioner in Australia has forwarded, under date 
August 16, a copy of a specification and tender form, 
&c., in connection with a call for tenders by the Metro- 
politan Board of Water Supply and Sewerage at Sydney 
for the supply and delivery at Ryde Pumping Station 
of two steam turbines and two sets of condensing plant, 
comprising steam turbine, surface condenser, kinetic air 
pump, centrifugal circulating pump and condensate 

ump. The offices of the Metropolitan Board of Water 

upply and Sewerage, 341, Pitt-street, Sydney, N.S.W., 
will receive sealed tenders for the above up to 2 p.m. on 
December 16. According to the Commonwealth Engineer, 
Melbourne, the Queensland Government has approved of 
an irrigation scheme for Inkerman, near Bowen, to cost 
131,0002. The estimates of the scheme are as follow :—- 
Preliminary work (surveys and wells), 16,500I. ; lifting 
appliances, 30,0001. ; power station, 39,800/.; distribut- 
ing network, 38,400l.; contingencies, on the basis of 
5 per cent., 6,235/. It appears from the same source that 
the Tumut Municipality, N.S.W., has decided to take 
steps to instal an electric supply plant and also a gravi- 
tation water supply system. 





Tue Society or EnGrnerrs.—At the ordinary meet- 
ing of the Society of Engineers, to be held at the 
apartments of the Geological Society, Burlington House, 
Piccadilly, W., on Monday, December 11, commencing at 
3 p.m., two papers will be soe for discussion dealing 
with the sources of minerals and mineral ores required in 
the engineering industry of the United Kingdom. The 
first paper will be presented by Professor W. G. Fearn- 
sides, M.A., Sorby Professor of Geology at the University 
of Sheffield, and will deal with the minerals required by 
the iron and steel industries. The second paper will be 

resented by Professor C. G. Cullis, D.Sc., M.I.M.M., Pro- 
essor of Economic Mineralogy at the Imperial College of 
Science, and will deal with non-ferrous ores. As the 
subject for discussion is of exceptional interest at the 
present time, and a large number of eminent engineers 
and metallurgists will be invited to attend, the Council 
have decided to throw the meeting open to the public by 
tickets which may be obtained (gratis) on application to 
the Secretary, 17, Victoria-street, 8.W 


THE GruBeRt CLiuB.—The Gilbert Club was formed in 
1889, under the presidency of the late Lord Kelvin (then 
Sir William Thomson) with the object of publishing a 
translation of William Gilbert’s ‘“‘De Magnete”’ and, 
further, of gathering all the available information about 
Gilbert’s life and work. The work was translated by the 
combined efforts of several scientific men and classical 
scholars, and was issued in sumptuous style in the early 
part of this century. It was,as far as possible, a replica 
of the original edition of the work, onsimilar paper, and 
with t reproduced from an ancient matrix. Copies 
were distributed to the members of the club, and a 
certain number were sold to the public. There still 
remain 34 copies, while the hon. treasurer has a balance 
in hand of rather less than 40/. It is felt that the time 
has come when the club should be wound up and the 
balance dealt with in some way, and to facilitate this 
a meeting was held last Wednesday at the Society of 
Arts to take the opinion of the members, or of such of 
them as survive and can be found. It was. suggested 
that an effort should be made to sell the remaining 
copies, which become more and more valuable from their 
rarity, quite apart from their intrinsic interest, and 
then to use the money as a nucleus for the foundation 
of a scholarship at the Royal Grammar School at Colches- 
ter. As 100/. or so will not go far in founding a 
university scholarship, it was also suggested that if 
after a certain period, say, five or ten years, the scheme 
had not become practicable by much larger sums being 
raised, the money in hand should be paid over to the 
Institute of Electrica] Engineers for some definite object, 
such as the benevolent fund. If this plan be adopted 
the affairs of the club will finally be wound up in one 
way or the other. The necessary resolutions will be 
proposed at a later meeting, which will probably be called 
in January by the hon. . Mr. Conrad W. 
Cooke, of Langland Gardens, Hampstead, N.W. 
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Fuel Injection with Diesel Engines.—For fuel injection | Lubricating oil burns in air at such temperatures, 
HIGH-PRESSURE AIR-COMPRESSORS.* the air pressure is determined by the theoretical cycle | with the it that the pistons would become carbonised, 
By Joszru M. Forp. of operations in the working cylinder, and varies from | the valves clogged and the pipes sooted-up. In addition, 


P “ “ f 600 to 900, and 
CoMPRESSED air at h pressure is becom an A 4 : : : | 
increasingly important metic in modern engin: ineering | dea of fect bry Toad ee ene 
—, 8 ae ee cohen ted paper | Auviliaries.—The qvestion of String auxiliaries by 
air, leaving on one side the question of power transmission | heathd ce vein 2 wade Ay aon Ual = e a “tor does 
by compressed air. In passing, the princi advantages ress should be Wah hin h ae Sy ae 
of thie aystem of transusiesion-in the facility with which | dee t Bee Pi st ee Brgy ig a 
energy can be stored, the almost unlimited rate at which | Py arte Peet we alr temperature 60 much, dus to | 
pre — Be neh pipes ’ shy agp So geen work being done by the air, that snow forms and interferes 
work, and the fact that, apart from the loss of efficiency +g we dong» . ‘ — ee *. beep yore &e. 
involved, leakage cannot cause any serious consequence te wine th. gre i os v °Th yr a 
(compare electricand hydraulic systems of power storage) | ee Bp magne gh ge 7s er 


| 
| 
| 


| 


in extreme cases even to 1,000 Ib. per | high 


igh temperatures have deleterious effects on — 
steel valves and springs. With large high-speed 
the temperature, coupled with the peculiar fatigue 
henomenon, makes it wellnigh impossible to get satis- 
actory working with temperatures higher than those 
consequent upon about six compressions in one stage. 
If the excessive work of com ion and 
temperatures are to be avoided, the heat must 
abstracted from the air in the period between the 
start of compression and the commencement of de- 
livery. Jacketing alone is insufficient, The method 
that suggests itself is to compress the air a small 
t, then withdraw it from the cylinder, cool it to 





- ; | efficiency of the engine at the different p es is 
—may be mentioned, and are seen to be considerable. [correo to be the same as that of the compressor at the 


ror nip esare a be “ air yoeges i is the 
z _ | 8atio of work obtained from the air in the engine to the | 
FAS ere Ai of the best instances of the adoption | work done on the air in the compressor. A eidenthin 
of high-pressure air as a medium for power storage is | gain in efficiency may be effected if the air can be heated | 
to be found in torpedo work. The torpedo is launched | Before use, especially when this can be inexpensively 
from the tube by means of compressed air, usually stored | done—e.g., by the exhaust gases of an internal com- 
at a high pressure, and when in the water is propelled by | bustion engine. The advantages of this system are | 
an engine deriving most of its power from compressed | nullified, more or less according to particular circum. | 
air. i P ; _ | stances, by the low efficiency. Practical considerations, 

Starting of Internal Combustion Engines.—The starting | such as the question of leaks, &c., favour low pressures, 
of prime movers of the internal combustion type of | whereas such considerations as the size of pipes, cylinders | 
considerable size is almost invariably carried out by | and storage generally demand a compromise, although | 
compressed air, except perhaps in very special cases,|it is cheaper to make anefficient large low-pressure | 


such oe — generating sets, where the dynamo can be | reservoir than a satisfactory small high-pressure one. 
mo . 


Reversing Marine Oil Engines.—In marine work, with Smpte Arr CoMPRESSION. 
engines of the Diesel and other types, reversing and| By way of introduction a few points on the elementary 
mancuvring involve the displacement of a considerable | thermodynamical aspect of air compression may assist 


4g .7. 


AppLicaTions or HicH-PressurE Arr. 
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Working Press. Lbs. 5q.In. Gauge. 


Initial temperature of air ... 
Initial pressure 
Final pressure ... 


cee 60 deg. F. 
. 14,7 lb. per sq. in. abs. 
4.7 


” ” ” 


o 
(#898. A.) 





Work Requrrep Tro Compress AND DELIVER 
1 Cus. Fr. or Free Arr. 


: (i) Isothermal compression aah ase 3950 ft.-Ib. 
Single-stage compressed-air power transmission. No (ii) Polytropic compression (‘* N ” =1.3) 4950 ,, 
preheating. Mechanical efficiency of engine assumed to be (iii) Adiabatic compression nee vee 5275 


same as that of the compressor. Compression in compressor 


and expansion in engine assumed adiabatic. In this case 30 per cent. more work is required for adiabatic 


compression than for isothermal compression. Hence note 


importance of cooling during compression. 


amount of the valve-driving mechanism—most con- 


veniently accomplished by compressed air. TEMPERATURES ATTAINED AT END oF COMPRESSION. 


sue I njection | with Diesel Engines.—One of the | (i) Isothermal compression - ite 60 deg. F. 
principal applications, however, is in Diesel engine work, (ii) Polytropic compression (‘*‘N”=1.3) 335 ,, 
where compressed air is used, not as a medium for energy (iii) Adiabatic compression ee, aes. 7» 


storage in the usually accepted sense of the term, but to 
inject the liquid fuel into the working cylinders against | 
the compression pressure of about 30 atmospheres | 
(430 lb. per square inch). 

Auziliaries in Diesel-Engined Ships.—In some oil- 
engined ships high-pressure air is used for driving some | 
auxiliaries, such as steering gear, main engine turning 
gear, small pumps, &c., and in submarines the air is 


towards the understanding of the special features of | 
high-pressure compressors. If air be comp } 
isothermally, a certain amount of work has to be done | 
—see Fig. 2, giving a theoretical indicator diagram | 
for a machine delivering air at 80 lb. per square inch, | 
With isothermal compression the work required is repre- | 
je by — — If ~ ag ag be 
used, ings, i _ | adiabatic, then the additional work requi is repre- 
ed, among other things, for blowing the ballast tanks | sented by the area BGE, from which it will be seen that 
BA PRESSURES ADOPTED IN PRACTICE. the aim should be to secure isothermal compression, 
_ Within limits, the lower the working pressure of the | that is, to prevent increase of the temperature of the air 
air, the higher the efficiency, but exigencies of and | during compression. Not only from the point of view 
weight may demand that the storage reservoirs shall | of power absorbed should the temperature rise be small, 
occupy minimum space, in which case, for a given amount but also for mechanical reasons, as later explained. 
of energy stored, the pressure should be as high as| The index “‘n” in the standard equation P V» = C 
possible—particularly, for instance, in a torpedo, where |is in some ways a measure of the amount of heat 


the dimensions and weight of power plant must be cut | abstracted during compression. With adiabatic com- | 


down to a minimum, almost irrespective of cost, and | pression its value for diatomic gases such as air is 1.41, 
the pressures employed range accordingly from 2,000 to | and with isothermal compression its value is unity. In 


atmospheric temperature, and return it to the cylinder. 
Next, move the piston further to compress the air still 
more, and repeat the cooling , and so on, until the 
required pressure is attai This is virtually the 
method adopted in practice, except that in lieu of 
carrying out the whole process in a single cylinder, one 
cylinder is devoted to each stage of compression, and 
between each stage the air is passed through an inter- 
cooler to reduce its temperature to the initial atmospheric 
temperature. The saving in work effected by stage 
compression with intercooling is shown in Figs. 4 and 5, 
The PV diagram, Fig. 4, has been drawn for a three- 
stage machine compressing to 1,000 lb. per square inch. 

If the heat of compression could be removed as fast 
as it is generated, as with isothermal compression, the work 
required to compress unit volume would be represented 
by the diagonally-shaded area. This is the ideal con- 
dition. If the compression were carried out in one stage 
and no heat were removed—that is, if the compression 
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_diestale Bast Dende 


ons. Zz 


Temperature entropy diagram for compression of 

1 Ib. of air from 14.7 Ib. to 94.7 Ib. per sq. in. abs. 

Heat equivalent of work required for isothermal 
compression = area WYXZ 

Heat equivalent of extra work required if compres- 
sion is adiabatic = area VWX (vertical shading). 

Heat equivalent of extra work required if compres- 
sion is polytropic = area TWX (diagonal shading). 

Heat equivalent of work saved by cooling shaded 
horizontally. 


were adiabatic—then the work required to compress unit 
volume of air would be represented by the total area of 
| the diagram, that is the en ag plus the black, plus 
| the horizontally shaded part. The ratio of this total 
| work to that required in isothermal compression ‘will be 
noted. If, again, the air were compressed adiabatically to 
60 Ib. per square inch only and then cooled to ite initial 
| temperature, its condition will then be the same as it 
would have been had it been compressed isothermally. 


4,000 Ib. per square inch. | aetual practice the amount of heat removed by a water. | From this point the second stage of compression is carried 
Starting and Reversing Internal Combustion Engines.— | jacket = an air compressor cylinder is such that its | Ut and the —e ee a that rn 
With internal combustion engines the design and type | value lies between about 1.28 and 1.35, the latter value | 9764 Of the second stage diagram is only the diagona,y 


determine the pressure of the starting air. For caunah, | being more applicable to large high-speed machines. 


| shaded portion plus the black portion, the horizontally 
| shaded part being completely saved, due to the reduction 





gas, paraffin and petrol engines are frequently started | 
with air at 100 to 300 lb. per square inch. 
engines of the four-cycle type about 300 Ib. per square 
inch usually suffices, whereas in engines of the two-stroke | 
type the pressure may be as high as 1,000 Ib. per square | 
inch. One of the disadvantages of using high pressures | 
in this connection is that when starting a refractory 
engine—which does not readily pick up on fuel—the 
continued expansion of high-pressure air in the working | 
cylinders lowers the temperature to such an extent that 
the heat of compression is insufficient to ignite the 
injected oil. With reversing mechanism the obvious 
advan’ accruing from the use of air at high pressures 
is that the dimensions of the servo-motors may be kept 
within small limits, which is of moment in some i a- 
taons, although the higher the pressure the more difficult 
4 is = maintain tightness and the better must be the 
its, Cc. 


* Paper read before the Greenock Association of Ship- 
builders and Engineers. 








| tem 
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The line BF on Fig. 2 represents compression according 


With Diesel | to the law 


PV 1.3 = constant. 


This means that the saving in work effected by cooling 
the air during compression is represented by the area 
BGF. Moreover, the reduction in the final delivery 
rature is to = re . 
diagram in Fig. 3 is the 0 @ diagram corresponding 
to Fig. 2. This shows rather more clearly the discos 


in the work required and temperature attained by | 


compressing under the various conditions. The figure is 


| self-explanatory. 


CoMPRESSION IN STAGES. 
When pressures of 1,000 lb. per square inch and over 


are required, the temperatures attained by single-stage 
compression would be extremely high. If lubricating | 
oil could be eliminated from the problem, careful 


might succeed in producing a compressor that 


‘stand the stresses set up by the high temperatures. 


would | 


|in the volume of air dealt with, as a result of the inter- 
cooling. 

Similar conditions obtain in the third stage, the 
| horizontally shaded part again representing work saved. 
|The work required for adiabatic compression in three 
|stages is thus represented by the diagonally shaded 
| portion plus the black portion, which latter represents 

the amount by which the work required is still in excess 


of the ideal. 

Fig. 5 is the 6 > —— corresponding to the PV 
di in Fig. 4. e corres’ i areas are 
similarly shaded. In addition to the work required, 


this diagram shows the temperatures attained in com- 
pression under the various conditions. 

The reduction of the temperature due to staging is 
clearly shown. The 1,300 deg. F. is a theoretical value, 
500 deg. F. is the temperature which would be attained 
were ‘the compression carried out in two , and 
330 deg. F. is the result of three-stage com on. In 
the case under consideration the total work is equally 
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divided between the stages, whereas in actual practice |is as follows: The maximum terminal pressures are, | 


this condition does not generally hold exactly. 


The temperatures attained in the cylinder when air | 600 lb. 
is compressed to various pressures in one, two or three | inch ; 


stages, with intercooling, are given in Fig. 6. Piston 
friction and the effect of the cylinder w have been 
neglected. As previously stated, the high temperatures 
could not be dealt with in practice. temperatures 
given for two and three-stage compression are based on 
the assumption of perfect intercooling, which condition 
holds for well-designed machines, In some plants where 
there is a copioussupply of cold water, and where inter- 
coolers of liberal dimensions are fitted, the air can be 


Fig. 4. PVoIAGRAM 





for one stage, 80 to 100 Ib. per square inch ; two stages, | 


r square inch ; three stages, 1,500 Ib. per square | 
our stages, 2,500 to 3,000 lb. per square inch ; 


five stages, 4,500 lb. per square, inch ; and above 4,500 
Ib. per square inch, six or seven stages to 6,000 Ib. per 
square inch, which is about the a for which 
an air compressor has been constructed. 


In the case of very small machines these pressures, for 
iven number of stages are often exceeded in order to 
uce complication. For example, machines have been 


constructed and work quite satisfactorily when com- 
pressing to 2,500 Ib. per square inch in two stages. 
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THEORETICAL DIAGRAMS sHOWING Savine ErrecTeD By STAGE COMPRESSION. 








-460F 
COMPRESSION TO 


1000 Ls. Per Square IncH GavGeE. 
In an ideal compressor, i.¢., one in which compression is isothermal, the work required per unit of air is represented 


by the diagonally shaded area of each diagram. 
is represented by the total area of the di 
pressing in three stages and intercooli 


stage compression. 


Kig_ 6 TEMPERATURES ATTAINED WITH ONE, 
Fig 6. ee AGE COMPRESSION 


e Degrees Fahrenheit. 


Ze 


Gauge Pressure par 


cooled between the stages to less indeed than the initial 
temperature. 

Fig. 7 gives the air horse-power required to compress 
1 cub. ft. of free air per minute in one, two and three 
stages to various pressures, and shows how the power 
required approaches the ideal (isothermal compression), 
and the ill-effects of inefficient jacketing diminish, as the 
number of stages is increased. 

For example, with air compressed to 1,000 lb. per 
square inch in one stage, according to the law PV13 = 
constant, the power required would be 0.46 a.h.p. per 
cubic foot ; but if the cooling were very inefficient, so 
that the compression were adiabatic, the power would 
rise to 0.53 cha. per cubic foot—an increase of 15 per 
cent. With three-stage compression, according to the 
same law, the power uired would be 0.32 a.h.p. per 
cubic foot, and in this latte*> ease, assuming that the 
cooling were inefficient, the power would only rise at the 
most to 0.335 a.h.p. per cubic foot—an increase of 5 per 
cent., against the 15 per cent. obtained when compression 
is carried out in a single stage. 

Apart from the questions of efficiency and tempera- 
tures, an advantage of staging is the reduction of crank- 
pin loads and stresses generally—the reasoning being 


TWO,AND THREE 
TO VARIOUS PRESSURES. 
TEMPERATURE IN EACH STAGE OF COMPRESSION ASSUMED TO BE 60°FAHREMHE!T. 





If compression were carried out in one stage the work required 

m. The horizontally shaded area represents the work saved by com- 
. The darkly shaded area represents the amount by which the work 
required for three-stage compression is still in excess of the ideal. 
In this case the saving is 29} per cent. 


Note the huge saving of three-stage over one- 


Fig . 7. AiR HORSE 


Air Horse Power. 


Gauge Pressure 


temperatures attained, however, make it necessary to 
earry out the cylinder lubrication by soapy water. 


Errects or CYLINDER CLEARANCE VOLUMES. 


An important consideration in the design of a multi- 
stage compressor is the computation of the clearance 
volumes of the various cylinders. By clearance volume 
is understood, not merely the volume of the space which 
separates the piston from the end of the cylinder when 
the crank is on dead centre, but, in addition to this, the 
volume of all valve ports and pockets, space behind 
piston rings if these are air-packed, and, in short, any 
space into which the air can be compressed without 
passing through the delivery valve. With an ordinary 
single-stage compressor, such as would be used to drive 
pneumatic tools in a shipyard, the designer aims to 
reduce the cylinder clearance to the minimum, for by 
so doing a greater quantity of air is delivered per stroke 
than would be the case with a larger clearance. Fig. 8, 


| which is a theoretical card for a cylinder compressing to 


80 Ib. per square inch, is given in explanation. With 
zero cylinder clearance the volume of air delivered is 
represented by CD, whereas with 10 per cent. clearance 
and the same cylinder dimensions the volume delivered 


exactly the same in this connection as for a compound or becomes FD. Less air is drawn into the cylinder per 


triple-expansion steam engine. Theoretically an infinite 
number of stages is required, but practical considerations, 
such as the multiplicity of parts, the low mechanical 


efficiency, weight, cost, &c., limits the number of stages. 
Pressures and Number of Stages.—The best practice 





| 





stroke, since the air left in the clearance space re-expands 
along DE, for a portion of the suction stroke, as aon, 
and the suction valves do not open to admit a fresh supply 
of air until the point E in the stroke is reached. In this 


way the volume of air aspired is only EB, as compared 








with AB—the volume dealt with in the same cylinder 


without clearance. The ratio is known as the 


Indicated Volumetric Efficiency, and in this particular 
case is about 69 per cent. The smaller the clearance 


space, the nearer will E be to A, i.e., E will be greater, 


| and a larger volume of air will consequently be dealt 
| with per stroke. 
| With a large clearance a larger cylinder is required to 
| deliver a given amount of air than with a small clearance, 
| yet the indicated work done per unit volume of air dealt 
| with remains the same, although the larger cylinder 
| makes for a heavier and more costly machine, with greater 
| piston loads, so that in general practice the clearances are 
| made as small as possible. Referring again to Fig. 8, 
the higher the compression is carried, the further will 
E be removed from A, that is, the higher the delivery 
pressure at which a given cylinder is working, the less 
will be the indicated volumetric efficiency. Further, 
if the clearance air receives heat from the cylinder and 
| piston whilst expanding, the law of expansion will 
| approach the isothermal and the pressure of the clearance 
| air will take the longer to drop to the suction pressure, 
or E will be still further removed from A to G. 

It is to be emphasised that the air should not receive 
heat whilst re-expanding, or, in other words, the clearance 
space should be as efficiently cooled as possible. The 
cooler the walls of the clearance space, the more rapidly 
will the pressure of the re-expanding air fall to the 
suction pressure and the greater will the ratio a 

become. Moreover, if the clearance air receives heat 
whilst re-expanding, its temperature at point E will be 
considerably higher than the temperature of the in- 
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POWER REQUIRED PER CU.FT. FREE AIR PER MINUTE WITH ONE, TWO, 
AND THREE STAGE COMPRESSION TO VARIOUS PRESSURES 


per Sq 


coming air. As a result of the mixing of the new supply 
with the hot clearance air, the temperature at the end of 
the suction stroke, i.e., at B, will be higher than it would 
have been had there been no hot air left in the cylinder 
at point E, thus reducing the weight of air dealt with 
per stroke and increasing the temperature of com- 
pression. In any case the temperature of the air at B 
must be higher than that of the suction air, owing to 
contact with the hot walls and piston. 

In modern practice the cylinder clearance volume 
for a single-stage compressor or low-pressure cylinder of 
a multi-stage machine is seldom less than 3 to 4 per cent. 
of the volume swept out by the piston. It is usually 
found that, within limits for practical reasons, the larger 
the machine, the smaller the percentage clearance. 

If a single-stage machine were constructed to compress 
to a moderately high pressure, say, 165 lb. per square 
inch, the indicated volumetric efficiency at the best 
would not be more than about 80 per cent., whilst the 
ratio of volume of free air delivered to volume swept 
by piston would be very much lower still, due to the 
addition of heat before compression commenced. 
Further, the crosshead loads would be very great, due to 
the final delivery pressure being exerted on the whole 
area of the large piston. The twisting moment diagram 
for the machine would be uneven, and, perhaps of most 
consequence, the final delivery temperature would be 
excessively high. 

If, on the other hand, the same size of cylinder were 
used with a high-pressure cylinder added thereto, so that 
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the first only compressed to 37 lb. per square inch, the 
indicated volumetric efficiency would be inc to | 
about 94 per cent., due to the lower delivery pressure 
bringing the point of the low-pressure diagram corre- | 
sponding to E in Fig. 8 nearer to A. With the high- | 
pressure. cylinder mounted in tandem with the low- | 
pressure, it is possible that the weight of the machine | 
per unit of air delivered would not be more than when the | 
compression was carried out in the one cylinder. Staging | 
nullifies to a large extent the effects of clearance volume 
on the volumetric efficiency of a compressor, besides 
obviating the difficulties with loads and temperatures. | 

In both the French and German languages the | 
expression for clearance volume, literally translated, | 
means “injurious space,” yet the effects of clearance 
in some cases are beneficial. In a cylinder with no 
clearance the ‘whole load at the commencement of the 
stroke due to the acceleration of the moving part.comes | 
upon the crank-pin. . With clearance, the re-expansion of 
the clearance air helps-largely to accelerate the masses, 
and an interesting case in this connection may be cited. 

With steam-driven compressors it is common practice 
to mount the steam eylinders in tandem with the air 
cylinders, in which case the setting of the steam valves 
must be so arranged that admission is late instead of 
early, as is usual. If the full steam: pressure were applied 
to the piston before the clearance air pressure in the air 
cylinder had become reduced by re-expansion, un- | 
necessarily high loads due’ to these simultaneous full 
pressures, less the inertia effects, would be imposed upon 
the connecting rods, &c. High speeds with increased 
inertia forces tend generally to reduce crank-pin loads. 
With steam-driven compressors of the foregoing —_e 
the greater the clearance volume of the air cylinder the 
later must the steam admission ve timed. 


Errects OF CLEARANCE IN THE HIGHER STAGES OF A 
MULTI-STAGE COMPRESSOR. 


In a multi-stage compfessor the work done in the 
various stages may be varied within fairly wide limits 
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volume. If the intermediate pressure cylinder had no 
clearance volume, which is impracticable, t low-pressure 

ressure would remain unaltered. The slight increase 
in low-pressure mage | ressure somewhat reduces the 
volumetric efficiency of the compressor. 

The simple method of altering the distribution of work 
would be convenient where the high-pressure delivery 
temperature was found to be excessive (see later), or in 
cases where the turning moment was unsatisfactory. 
The clearance volume can be increased by the addition 
of a hollow pocket, but cannot so easily be reduced. 


9.9. DIAGRAM SHOWING RESULT OF iN- 
ING THE CLEARANCE VOLUME IN THE HIGH 





DIAGRAM SHOWING APPROXIMATELY THE STAGE PRESSURES ATTAINED WHEN THE COMPRESSOR IS 
DELIVERING AGAINST DIFFERENT FINAL PRESSURES. 


Each machine is designed for a final delivery pressure of 900 lb. per square inch with L.P. and I.P. pressures of 45 Ib. per 
square inch and 300 Ib. per square inch respectively. 


(a) For a compressor whose clearance volumes are: L.P., 4 


H,P., 10 


H.P., 20 


cent., 1.P., 5 per cent., 


r cent. of volume —— by piston. 
(0) For a compressor whose clearance volumes are : L.P 
r cent. of volume swept by piston. 


+, 4 per cent., I.P., 10 percent., 


(c) For a compressor whose fade volumes are: L.P., 4 per cent., I.P., 15 per cent., 
H.P., 30 per cent. of volumes swept by piston. 


The heavy line shows what the pressures should be if 


the division of work between the stagee is to remain 


in the same proportion for all delivery pressures. 


merely by adjusting the clearance volumes of the various | 
eylinders, excepting the low pressure. Suppose, for | 
example, it is required to reduce the proportion of work 
done in the high-pressure stage of a three-stage com- 
pressor in which the high-pressure clearance volume is 
10 per cent., and with stage pressures—low pressure 45 Ib. 
per square inch, intermediate pressure 300 lb. per square 
inch—working against a final delivery pressure of 900 Ib. 
per square inch. 

The work done in compression varies as the ratio of 
final to initial pressure, so, that any desired reduction in 
any given stage can only be effected by reducing this 
ratio, or in this case by increasing the high-pressure 
suction pressure, since the final delivery pressure is | 
fixed. The compressor capacity being unaltered, an 
increase in the high-pressure suction pressure necessarily 
involves a corresponding reduction in actual volume of 
high-pressure suction. Since the volume swept by the 
high-pressure piston remains the same, it is clear that 
the only way to ensure a reduced suction volume is to 
decrease the volumetric efficiency of the high-pressure 
cylinder by increasing the clearance volume, with the 
result as shown in Fig. 9, where the high - pressure 
diagram with thevriginal 10 per cent. clearance, together 
with the diagram resulting from an addition of 20 per 
cent. extra clearance, are given. The area of the diagram 
is considerably reduced, the high-pressure suction pressure 
{the intermediate-pressure delivery pressure) rises from 
300 Ib. per square inch to 375 lb. per square inch (gauge- 
pressure), this increase being necessary in order to get the 
whole of the air into the high-pressure cylinder. ‘The effect 
onthe low-pressure delivery pressure is slightly to increase 
it, due to the reduced volumetric efficiency of the inter- 
mediate pressure cylinder, resultant upon the expansion 
of the intermediate pressure clearance air from a higher 
pressure. The actual increase in low-pressure delivery 
pressure depends upon the intermediate pressure clearance 





Some multi-stage compressors are required to work 
for long periods at varying delivery pressures, or, in the 
ease of a charging a ey at a constantly increasing 
pressure from atmospheric to the full bottle pressure. 

With Diesel engines it is usual to regulate the blast 
pressure by throttling the fuel-injection air compressor 
suction, so that instead of compressing and blowing the 
excess to waste, only the requisite amount is dealt with. 
The effect on the distribution of work, temperatures, 
&c., occasioned by this throttling should be considered— 
especially with marine engines, where the compressor 
may run for long periods in this condition. 

In all machines there are certain stage pressures 
which give the best all-round running, as regards tempera- 
tures, loads, balance, &c., for each delivery pressure. 
If these stage pressures are accurately determined for 
the normal final delivery pressure, then it is safe generally 
to assume that the particular stage division of work so 
obtained will also be the best proportion for any other 
delivery pressure at which the machine is likely to work. 
With Diesel engine fuel-injection compressors this state 
of affairs rarely obtains. In a three-stage compressor 
designed for 800 lb. per square inch witkieg pressure, 
and run at, say, 900 Ib. per square inch, the low-pressure 
and intermediate-pressure pressures will not increase in 
proportion to the final delivery pressure—actually in 
the majority of cases they alter little. By suitably 
proportioning the cylinder clearance volumes of the 
various stages the machine can be made automatically 
to divide the total work between the stages in a given 
proportion, no matter what the delivery pressure may be. 

igs. 10 and 11 show approximately the stage pres- 
sures which would be obtained in three machines of the 
same capacity when working at different pressures. 

Each machine is designed for a delivery pressure of 
900 lb. per square inch, and at this pressure the stage 
pressures are: low-pressure, 45 lb. per square inch, and 





intermediate pressure, 300 lb. per square inch ( 
pressure). The me lines on the Soames chow aha 
the pressures should be to secure an approximately 
constant proportional division of work ween the 
stages. T ines marked (a) show the pressures which 
would obtain in a compressor having cylinder clearances 
of: low-pressure, 4 per cent. ;- intermediate-pressure, 
5 per cent. ; high-pressure, 10 per cent. 
he rise in the stage pressures as the final deliver 

—- increases is seen to be comparatively small. 

e lines marked (b) show the pressures with a com- 
pressor of the same capacity when the cylinder clearances 
are: low-pressure, 4 per cent. ; intermediate-pressure, 
~— cent. ; high-pressure, 20 per cent. 

ere it is seen that the rise in stage pressures is much 
more marked than in the first case, that is to say, with 
these increased clearance volumes the proportional 
division of work between the stages is more nearly 
constant than with the smaller clearances. The lines 
marked (c) give the pressures which would obtain with 
a machine having clearances: low-pressure, 4 per cent. ; 
intermediate-pressure, 15 per cent. ; high-pressure, 30 
per cent. 

In this case the rise in stage pressures as the delivery 
pressure increases approximates much more nearly to 
the “ideal ’’ ; that is, the proportional division of work 
between the stages is very nearly constant, so that the 
balance of the machine is more likely to be maintained 
than in the first case, and, further, the final delivery 
temperature will be lower, for in the first case, when the 
machine is working at a pressure higher than its designed 
pressure of 900 Ib. per sq. inch, the high-pressure s' 
is taking more than its designed share of the work. 
For example, if the first machine (case “a” ) were run at 
1,200 Ib. per square inch, the compression ratio in the 
high-pressure cylinder would be :— 


1215 
= 3.63. 
335 


If the last machine (case “c’’) were run at 1,200 Ib. 
per square inch, the high-pressure compression ratio 
would be :— 


This means that the temperature attained in the 
machine with the large clearance would be less than in 
the machine with the small clearance on account of 
the smaller compression ratio. Furthermore, if the 
large clearance is composed of a connecting pi 
within a water-jacket, as is sometimes the case, the 
cooling during compression is improved, resulting in a 
decrease of the value of “‘n”’ in P V" = constant, still 
further reducing the temperature. Again, the clearance 
space being so efficiently cooled results in an increase 
in the value of “‘n”’ for the re-expansion of the clearance 
air. The incoming air mixes with this comparatively 
cool air, and consequently the initial temperature is not 
unduly raised. 

The main point, however, is that by correctly arranging 
the clearance volumes the machine can be made to divide 
the total work into the best proportions for any deliver 
pressure with which the compressor may have to deal. 
A minor point is that with increasing delivery pressures 
piston leakage becomes greater, and the volumetric 
efficiency at the higher pressures is less than at the lower. 
If the met myn pressure increases with the delivery 
pressure, the indicated volumetric efficiency of that 
cylinder is decreased in addition—or, in short, the overall 
volumetric efficiency of the machine with the big clear- 
ances is slightly less than that of the machine with the 
small clearances when the delivery pressure is higher 
than that for which the compressor is designed. 

The difference, however, is not weak. considering. 
(It may be mentioned that the lines in Fig. 10 should not 
actually be quitestraight. They are sufficiently accurate, 
however, as in practice it is impossible to estimate the 
pressures to within a few pounds. ) 


(To be continued.) 





American Macnatnery Exports.—The exports of 
machinery from the United States in July were valued 
at 18,971,052 dols., as compared with 11,412,691 dols. 
in July, 1915, and 8,060,614 dols, in July, 1914. The 
value of the shipments of metal-working machiner 
aggregated 7,814,691 dols. in July, as compared wit 
3,872,358 dols. in July, 1915. The exports of machinery 
of all kinds from the United States in the first seven 
months of 1916 were valued at 123,406,983 dols., as 
compared with 67,959,823 dols. in the corresponding 

riod of 1915, and constituted an altogether new record. 
The last previous record was that for 1913 (76,830,444 
dols.). the total of 123,406,983 dols. representing the 
value of American machinery exports in the first seven 
months of this year included 9,224,071 dols. for gasoline 
engines (against 3,051,395 dols. in the first seven months 
of 1915); steam engines, 5,697,812 dols. (against 
1,933,113 dols.); all other engines, 3,109,225 dols. 
(against 557,791 dols.); parts of all other engines, 
5,075,839 dols. (against 2,363,865 dols.); metal-working 
machinery, 47,162,401 dols. (against 23,962,815 dols.) ; 
milling machinery, 1,514,683 dols. (against 1,323,034 dols. ); 
mining machinery, oil well, 1,122,709 dols. (against 
781,849 dols.); all other mining machinery, 3,519,661 
dols. (against 2,924,528 dols.) ; printing presses, 1,052,668 
dols. (against 889,446 dols.); pumps and umping 
machinery, 2,995,688 dols. (against 1,581,692 dols.) ; 
sewing machines, 3,222,701 dols. (against 3,683,751 
dols.); sugar mill machinery, 1,954,068 dols. against 
1,127,006 dols.); textile machinery, 1,995,143 dols. 
(against 1,019,724 dols.); and typewriting machines, 
5,899,249 dols. (against 3,979,272 dols.). 
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CATALOGUES. 

Small Dynamos and Motors.—Messrs. Higgs Brothers, 
of Sherbourne-road, Ballsall Heath, Birmingham, have 
recently added a few new pages to their catalogue, 
copies of which they have sent us. They deal with 
variable , shunt and series-wound motors of from 
& mp to 30 ~ Particulars are given of fae panes 

ipping weights, spare parts, accessories repairs, 

ether with prices. All sizes of machine above 1} h.p. 
have a full-load efficiency of over 80 per cent. The 
variable- motors up to 10 h.p. have a speed range 
of 1-2; above that the range is not quite so great. 


Water Circulators for Boilers.—A leaflet from Messrs. 
** Perfecta"’ Boiler Circulator, Limited, of 25, Victoria- 
street, London, 8.W., which we have just received, 
contrasts the working of a Lancashire boiler fitted with 
one of their devices with a plain boiler of the same type. 
The circulator, which can erected without it being 
necessary to drill any holes in the boiler, takes the form 
of a horizontal baffle. The makers claim a saving in fuel 
of from 6 to 8 per cent. 


Switchgear and Electrical Accessories.—Messrs. A. 
Reyrolle and Co., Limited., of Hebburn-on-Tyne, have 
sent us a binder containing leaflets illustrating several 
designs of their armoured switchgear, which has already 
been fully described in Encinggertnc. The examples 
shown include switch pillars suitable for mining installa- 
tions, on account of their flame and explosion-proof 
characteristics, and switchgear for sub-stations, in all of 
which the working parts can be easily removed for safe 
inspection or adjustment. The binder also includes 
price lists of cast-iron distribution boxes, self-aligning 
and switch-t; fuses, pl and sockets and oil-break 
switches suitable for mounting on switchboards. 


Locomotive Cranes.—The Brown Hoisting Machinery 
Company, of Cleveland, Ohio, U.S.A., have sent us a 
copy of their Catalogue I, of locomotive cranes. It is 
really a collection of photographs of their cranes at work 
on all kinds of contracts and in all sorts of countries. 
Thus there are illustrations of machines in Norway, only 
700 miles from the North Pole, in India, Russia, Spain 
and so forth. Only naturally most of the examples are 
taken from America, and here the cranes can seen 
handling almost every conceivable class of material in 
slings, in grabs, in skips, and with magnets. They range 
in size up to 40 tons, and some have jibs as long as 75 ft. 
—for shipbuilding work. The catalogue is excellently 

rinted and contains a description of the principal 
eatures of standard cranes. 


Weighing Machi a Bal —Two new cata- 
logues, Nos. 1,001 and 1,002, issued by Messrs. W. and T. 
Avery, Limited, of Soho Foundry, Birmingham, give the | 
prices and particulars for a great variety of weighing 
apparatus and include indexes to the other speciali 
catalogues of this firm. Some 30 different types of 
weighbridges, each of which is ye | suitable for some 
definite purpose, are illustrated. Thus one has the 
standard set well back from the platform, to enable 








casks to be rolled by, another has a very shallow frame 
for installations in places where there is little depth of | 
floor, and another - the steelyard below the level of | 
the platform in order to accommodate such loads as | 
large steel plates. There is an illustration of a machine 
for automatically weighing the quantities of materials 

in facturing pre and a brief description | 
of a 100-ton hydraulic testing machine. The balances | 
and counter scales in List No. 1,002 are suitable for all 
kinds of shopkeepers and traders. 


Fan Brakes or mometers.—Messrs. W. G. Walker | 
and Co., of Emery Hill-street, Victoria-street, London, | 
8.W., have sent us a pamphlet describing Mr. Walker's | 

tent dynamometer for measuring horse-powers. It | 
is an extremely simple device, anes a pair of 
arms, which are clamped on to the shaft transmitting 
the power to be measured. On to each arm there is 
bolted a plate, or vane, which, in ane up the air, 
absorbs the power. It is surprising what a large amount 
of power can be taken up in this way. Thus two plates, 
17 in. by 8} in. require nearly 60 h.p. to rotate them at 
1,000 r.p.m. The arms of the brake have bolt holes at 
several Nifferent radii, so that the plates can be attached 
in appropriate itions, and several sets of plates are 

sonthed. All the plates, in all the positions, are care- 
ully calibrated and a set of curves supplied with the | 
brake. It is only necessary to take the s of the | 
machine and refer to the curve to determine the output 
in horse-power. This dynamometer has the great merits 
of simplicity and ease of application, while it is low in | 
first cost and is very little influenced by external con- | 
ditions. The pamphlet gives prices for brakes with | 
nominal capacities of from 6 to 150 h.p. 


Electrical A .—A number of leaflets relating 
to starters for direct-current and alternating-current | 
motors, knife switches, horn-t switch fuses, brake 
solenoids for single-phase and three-phase circuits, and 
single-phase watt-hour mete*s, have m issued by the 
British Westinghouse Electric and Manufacturi 
Company, Limited, of Trafford Park, Manchester. 
pamphlet illustrating and describing’ the electrification | 
of a fairly large modern flour mill, which was previously 
driven by a single horizontal steam engine, has also | 
reached us from this firm. The machinery on each of | 
the four floors of the mill is now driven by a peg un 

















motor of the three-phase slip-ring type, arranged so that | 
all the motors can be started simultaneously by liquid 
starters. Th t are placed near the centres 





ie = 
of the main lines of vpn and are connected to them 
by means of flexible couplings. Separate motors are 
used for driving the wheat-washing and conditioning 
plant, and also for the grain intake plant, sack hoists, 





packing ines, elevators, conveyors, &c. The 
running speeds of most of the machinery were increased 
from 15 to 25 per cent., with a ag gee increase 
in output, and we understand that the i ation has 
now been giving highly satisfactory results for con- 
siderably over a year. 

Mechanical Lubricators.—We have received from the 
Lunken Company, Limited, of 35, Great Dover-street, 
8.E., a catalogue iving full iculars of a mechanical 
lubricator made S e Ri m-Phenix Company, 
of Milwaukee, Wis., U.S.A. In these lubricators the oil 
is drawn from the reservoir by a pump and circulated 
through a e in the lubricator body. This passage 
is provided with needle valves, which can be regulated 
to supply the required quantity of oil to each of the 
delivery pumps, and the quantity ee into these 
pumps can be seen through sight-feed glasses. The 
pump plungers have racks cut on them, and these racks 
gear with pinions mounted on a horizontal shaft which 
is —_ a reciprocating rotary motion by means of a 
rocking lever. A valve is provided in the circulating 

assage, so that by closing this valve the circulation 
is prevented and the whole of the oil entering the p e 
must pass ney the needle valves, whereas normally 
the surplus oil flows back into the reservoir. In this 
way the supply of oil to the parts requiring lubrication 
can be temporarily augmented at any time without 
disturbing the adjustment of the needle valves for 
ordinary working conditions. Several other special 
features of the lubricator are referred to in the cata ogue, 
and illustrations showing it applied to steam, gas and 
oil engines, air compressors, &c., are included. Prices 
are stated for lubricators with from 1 to 20 feeds. 


Gas-Pressure Raising Plant.—Messrs. George Waller 
and Son, of Phenix Iron Works, Stroud, Gloucestershire, 
have issued a catalogue of machinery made by them for 
mae oS pressures and for the transmission of gas 
at high pressures. The catalogue is divided into three 
sections, the first of which relates to ‘‘ boosting ” 
for dealing with large volumes of at relatively low 
pressures and raising the pressure throughout a district, 
or for increasing the supply at times of peak load. For 
this work high-speed fans driven by steam or gas engines, 
steam turbines, and electric motors are illustrated. The 
next section deals with rotary compressors of the 
exhauster type, which are suitable for pressures up to 
about 5 lb. per square inch, and are used for increasing 
the capacity of existing mains or delivering gas for long 
distances through mains of moderate size. In many 
places it is found convenient to link up outlying districts 
with large centres by laying high-pressure steel mains 
and transmitting the gas at pressures ranging from 
5 to 20 lb. per square inch or more, the pressure being re- 
duced at the end of the line by district governors. For this 
work compressors of the reciprocating type are recom- 
mended, and all the necessary plant and accessories for 
the purpose are included in the third section of the 
catalogue. Full particulars are given of the standard 
sizes of all the above-mentioned machinery, and numerous 
examples of all types are illustrated. Portable com- 
pressors for testing mains, and apparatus for drilling 
mains under pressure are also dealt with. 


lants 


Gas Engines.—A pamphlet which has reached us from 
the British Westinghouse Electric and Manufacturing 
Company, Limited, of Trafford Park, Manchester, gives 
some particulars of their horizontal gas engines for 
industrial purposes and also includes the results of the 
tests of one of these engines supplied to the Neapsend 
Gas Works, Sheffield. The engine was fitted with the 
Westinghouse system of variable admission governing, 
which is illustrated and described in the pamphlet, as 
also are some other special features of the design. The 
engine, which was intended for a normal load of 30 brake 
horse-power, had a cylinder 11 in. in diameter, with a 
piston stroke of 19 in., and ran at 180 r.p.m. The 
consumption at 29.5 brake horse-power was found to be 
17.7 7. ft. per brake horse-power hour, while the 
consumption at 24.7 ~— and 17.5 h.p. was 18 cub. ft. 
and 20.2 cub. ft. per brake horse-power hour respec- 
a. The net calorific value of the gas used was 
530 British thermal units per cubic foot in each case. 
a from this firm illustrates and describes 
the installation of an 82-h.p. engine of this type in a 
Derbyshire mill for crushing and grinding heavy 
minerals such as barytes and fluor-spar, into fine powder. 
Gas is supplied to the engine from a suction plant 
using either anthracite or coke as fuel, and the consump- 
tion of anthracite comes out at .86 lb. per brake horse- 
omen hour. It is interesting to note that the crushed 

rytes is extensively used for adulterating paints, cloth 
sizing and canvas filling, and also for mixing with 
vulcanite and cheap rubber products. The fluor-spar is 
used in the manufacture of aluminium. The process of 
grinding these minerals is fully described in the pamphlet. 


Pneumatic Tools and Air Compressors.—The Consoli- 
dated Pneumatic Tool Company, Limited, of Palace 
Chambers, 9, Bridge-street, Westminster, London, 8.W., 
have issued some new circulars, among which one of the 
most noteworthy is that concerning the ‘‘ Hummer” self- 
rotating hammer drill for rock boring. This is a plain 
hammer drill, with a cylinder 2} in. in diameter, fitted 
with a small rotary motor gearing with the drill chuck. 
The compressed air first passes through the rotary motor, 
which runs at a high speed, and then passes on to work 
the hammer. The rotating gear has a very strong 
purchase over the drill and looks as if it should not easily 
get out of order. The C-66 drill weighs 65 lb. and on a 
consumption of 82 cub. ft. of air, at 80 1b. per square inch, 
will drill a 1}-in. hole 12 ft. deep. Two other circulars 
deal with small air compressors of the vertical and 
horizontal types. In both of these the air valves are 
light, tempered sheet steel rings, which work practically 





noiselessly and give a high volumetric efficiency. The 
makers tee these valves for a iod of three 
years. vertical compressors are rated at 3, 5 and 
10 h.p., at 100 lb. per square inch pressure and. run at 
from 500 to 600 r.p.m. The horizontal machines are 
made in 18 standard sizes, having capacities of from 
51 up to 1,120 cub. ft. of free air d per mi 


+ 





and are for ey hed belt drive. A ~ te cir- 
cular gives particulars of the “‘Duntley”’ po: electric 
tools, such as breast drills, grinding and bi ines 
and small blowers. There is also an electric hammer 


drill, which is driven by a motor that will take either 
direct or alternating-current and should prove very 
handy for drilling in stone or concrete. ® 


Permutit—The new catalogue of United Water 
Softeners, Ltd., of Imperial House, Kingsway, W.C., 
refers to a long list of users of utit. The list 
is headed by the War Office and Admiralty; then 
follow wool combers, silk manufacturers, dyers, laun- 
dries in large numbers, hotels, sanatoria, engineering 
and chemical works, electricity supply stations, and water 
works. Permutit, it may not be superfluous to point 
out once more, is an artificial zeolite. Zeolites may 
be described as complex aluminates, and silicates of the 
alkalis and the alkaline earths, characterised by the 
ease with which they exchange their metals and re- 
crystallise under modified conditions. Permutit is 
such a sodium compound. When hard water is filtered 
through a column of granular permutit, the calcium and 
magnesium salts to which the water owes its hardness 
react with the permutit; the calcium and magnesium 
are retained by the permutit, and sodium salts pass into 
the filtered water in their stead. The water can thus 
be deprived of its hardness, completely or partially ; 
potable water should not be too soft. There was trouble 
first with ferruginous water ; that has been overcome by 
filtering the water first through manganese permutit. 
The used permutit is subsequently regenerated by letting 
a solution of ordinary salt percolate through it, when the 
sodium again replaces the calcium and magnesium taken 
up. The iron treatment is used, for instance, at the 
Hooton works of the West Cheshire Water Company; 
the total cost of treating 1,000 gallons of water delivered 
to the consumer, including salt, interest on capital, 
depreciation, &c., is stated not to exceed Id. The 
bacteriological purification by the chlor-permutit 
process is a novelty. When chlorine is used for dis- 
infection, the unavoidable excess of chlorine has after- 
wards to be removed ; this is now done with the aid of 
an iron salt, the excess of iron being in its turn removed 
by manganese permutit. The invention of permutit 
came from Germany. But all the permutit of the 
coupe sold since 1914 has been made in this country 
by British labour, and the only foreign directors are the 
well-known Danish engineers, Messrs. V. Hjort and J. J. 
Lassen. 





AmeERIcAN Rartroap Exports.—The value of the 
exports of American railroad machinery, &c., in the fiscal 
year ended June, 1916, was 74,729,000 dols., as com- 
pared with 34,919,000 dols. in 1913-14. Cars figured in 
this year’s total for 26,660,000 dols., against 11,178,000 
dols, ; rails for 17,687,000 dols., against 10,259,000 dols. ; 
steam locomotives for 12,666,000 dols., against 3,692,000 
dols.; electric locomotives for 455,000 dols., against 
437,000 dols.; parts of engines, for. 7,274,000 dols., 
against 3,357,000 dols.; switches and track matériel 
for 5,262,000 dols., against 2,534,000 dols. ; sleepers for 
2,435,000 dols., against 2,565,000 dols.; spikes for 
1,399,000 dols., against 346,000 dols.; and car wheels 
for 742,000 dols., against 414,000 dols. Hitherto the 
chief foreign markets for cars have been Canada and 
Cuba; for locomotives, Cuba, Canada and Brazil; and 
for rails Canada, Australia, Japan, Brazil, Argentina and 
Cuba. Large quantities of freight cars and other 
matériel are, however, now being forwarded to Russia, 
while supplies are being sent to France and Spain, as 
well as to the older customers mentioned. Steel rails 
valued at 1,700,000 dols. were sent abroad in June ; 
those despatched to France alone represented a value 
of 1,188,000 dols. 





Suprty anD DEMAND oF RUBBER.—It is quite possible, 
says The London and China Telegraph, that in 3} to 44 
years the available supply of rubber may not be sufficient 
to meet the world’s demands, and a situation be created 
that would at least be interesting. Such, at present, is the 
forecast ; what the —— 7 be remains — =. 
Figures of possible supply and consumption show that 
the world’s output oa expanded considerably, the 
increase in 1915 being 31.8 per cent., and that for the 
current year being estimated at 27.3 per cent. This rate 
is not likely to maintained owing to the fact that 
from 1911 to the present time no very considerable 
further areas have been planted. The additional 214,000 
acres brought into bearing this year is the largest increase 
there will be for many years to come. In fact it is 
estimated that between now and 1920 the total increase 
in the areas in bearing will be only 377,000 acres. The 
average yield per acre now stands at 336 lb., and in 1920 
it may have reached 400 to 450 Ib. This would give a 
world’s output of from 300,000 to 330,000 tons, provided 
that the receipts of wild rubber were maintained. The 
question of consumption is more difficult. The average 
increase in the United States during the last six years 
was 24 per cent., and if that rate were maintained, in 
1920 there would be a serious rubber shortage. Indeed, 
if the world’s demand increased by 20 per cent. per 
annum 373,000 tons would be required in 1920. e 

uestion is as to whether consumption will reach that 
i. and whether the output will turn out according 
to estimate. 
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ELECTRICAL APPARATUS. 
11,172/15. British Insulated and Helsby Cables, Limited 
and J Conductors 


here inventions are 
of the Communicators 
o, ns 
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= ee Gn cee prey _ to be bent at 
partic e operation o! and s 
a device which is adapted to be temporarily 
on to the wire 3, and which holds the overhea 
the wire 3 temporarily oes. which cted 
wire 5 by the clip 7. The holding device 4 is in the form of an 

le-section bar; and the the ; and at 
recessed or 


wire 3 lies wi 


the upper part, where the wire enters the holder, it is 
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V-shaped; and o ite this part the fastening or clamping 
screw 9 comes, which screws through a projecting boss on to the 
wire, opposite the V-shaped rest, in which the wire lies. At the 
bottom end of the holder is a hook 11, in front of the body of the 
holder, and over which the end link of the chain 6 is . The 
holder 4, supporting the chain 6 and the conductor 5 will, in 
a oe operation, be moved to the point on the 
wire 3 which will bring the conductor to the right height, and then 
into the wire 3 by the screw 9. The end of the wire 3 

is bent into a loop by a special tool acting in conjunction with the 
device 4, after the nnd fem ony TD The 
device 4 is then removed and the thimble 15 slipped over the 
loop og Fig. 2). The free end of the loop is then turned down 
Ff ) e thimble to keep the same in place. (Accepted July 26, 
5,511/15. Aktieng Brown, Boveri & Cie., 

» Swi - Insulators. (8 Figs. April 25, 
1914.—The invention consists in the provision of a composite 
sleeve insulator in which the dielectric resistance at the part or 
parts next the socket is increased, either by using strata at that 
place wholly or partly at right angles to the main strata, in the 
case of a stratified insulator, or by choosing as material for the 
insulator a mixture of paper flock or fibrous material or mica, 
with synthetic resin, the part next the socket, the dielectric 








resistance of which is to bei , being j to a pressure 
Fig. ig.2. 
Qa 
b : 


as) 


considerably higher than that necessary for the purpose of merely 
shaping the insulator. In Fig. 1 a sleeve Red arms is illustrated 
which consists of two parts,a and b. The strata of the part a 
surround the conductor in a concentric or spiral manner, whilst 
the strata of the part b (the insertion) surround the socket in part 
in such a manner that every line of force passing from the socket 


into the @ is compelled to cut through all the strata of the 
part b. Fig. 2 the central part of the insulator a is formed 
of stratified material in the shape of a tube, and this is surrounded 


by non-stratified material c, pressed around the cylindrical core a, 
to an exceedingly high pressure. (Accepted August 2, 1916.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


17,543/15. E. W. London. Gas Furnaces. 
(2 Fige,) December 15, 1915.—The gas delivery port 1 is 
cont io of the pay @ inclining 


in the direction of the 
tthe sides and top of the port, and the afr ports 2 are situated in 


communicated from abroad, the Names, £c., | 


front of this so that the gas passes ata velocity between 
them, inducing the air and becoming inte therewith as it 
enters ‘he mixing ‘chamber 3 The mixing chamber is also 

ion of flow by inclining its sides and top, 
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whereby the mixture is compressed and its constituents are still 


Li 





further mixed before the main combustion occurs in the 
chamber 4. In this manner the development of heat Ln me hy wad 
the entrance of the gases furnace than has hitherto been 

| the case. ( 

| 100,868. LL. Renault, Billancourt, France. 

| Combustion Engines. (5 Figs.) July 21, 1915.—The 

| invention relates to a device for automatically controll) the 
angle of lead of the ignition under all conditions of le 
The device comprises four masses, 1, 2, 3 and 4, which are secured 
to the end of four dular arms 5, 6, 7 and 8, pivotally mounted 
in pairs on axes 9 and 10 carried by a cen support 11] inde- 
pendent of the plates 12 and 18 and mounted on controlling 
shaft. The plates 12 and 13 are provided with o rp Fey 
jecting sectors 14 and 15 provided with curved paths 16 17, 








vely, which masses 1, 2, 3 and 4, under the influence of 
| centrifugal force, tend to move away from one another and to 
| separate, by contact, the rolling path oa 16 and 17, thereby 
causing the sections 14 and 15 to produce the advance of the 
late 13 controlling the magneto. Two springs 18 and 19 tend 
bring the plates 12 and 13 back into their relative lagging 
positions. Instead of fixing the masses on an inte te 
member, it is possible to fix the masses on the plates, the paths 
in which they move being cut in a symmetrical member against 
which the pendular masses bear. (Sealed.) 


8,945/15. O. Imray, London. (M. G. Christie, B.E.F., 
France.) Coke Oven Regenerators. June 17, 1915.—The 
invention relates to valves controlling the supply of air and waste 
heat to the merators of coke ovens or the like. A is the 
connection leading to a regenerator, Bl and B2 branch con- 
nections to the main, C the anes for admitting air, D the 
connection to the waste heat flue. is the valve opening or 
closing the ——— from the regenerator to the waste heat flue D. 
F is a disc seated in the valve E which opens or closes the passage 
for the air supply inlet C to the regenerator. A lever system G 

s and lowers the disc F and by means of the disc raises the 
valve E. When coke-oven gas is used. the disc F is raised, so as 
to shut off the air supply through C, the valve E is then lifted, 








and the waste heat from the regenerators 
A and D to the waste heat flue for 
e reverse action occurs when the air su 


When lean is used, certain rege’ 
to heating the gas and others to heating the air. In those chambers 
in which the gas is to be heated the disc F is screwed to the 
valve E; for a certain time the gas cocks leading to the branches 
Bl, B2, are closed and waste heat from the regenerators 
through the valve E and passage D to the waste heat flue. At 
the end of this period the valve E is closed and the gas cocks 
opened, so that the gas can pass below the valve E to the regene- 
trator. (Sealed.) 


10,254/15. P. G. Tacchi, New Wanstead, and The 
Centrum S ite, Limited . Internal Com- 
. (2 Figs.) July 14, 1015.—This invention 

relates to the supply of petrol or other fuel to internal combustion 


off A is the fuel-box or chamber. B is a diaphragm. 
D is the nozzle from which the fuel is sprayed. E is a reservoir 
in which the fuel is maintained under constant pressure. F is a 
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; A is 
of engine alwa ——— 
at each ke of the unger C a 

le D at consi 
stroke. (Sealed.) 


@ con’ carrier, is employed 
a collapsible chamber RA meg of the aneroid 
to which gas is admi i 


Sa ahanan to enaes te aa 








move the slide valve, when gas is turned into the burner, first 
to uncover the by-pass d and complete the circuit of an electrie 
igniter i by means of the spring g and contact & and then, by a 
continuation of the movement in the same direction, to close 


the b: d break the circuit of the igniter. (A 
,— ot rea, cire e igniter. (Accepted 


GUNS AND EXPLOSIVES. 


G. C. Gibbs, Bristol. Gun and Rifle Sights. 
July 28, 1915.—The rear t comprises a vertically- 
ustable standard a sli upon a pillar b vided either as a 
substitute for, or by slightly modifying, us 
aperture sight in which is formed the aj ° 
a of rear sight consists of a hollow tube or frame 

vertically adjustable on its pillar b by means of a milled head ¢ 
and screw d ing with an interior screw-threaded bore formed 
down or partly down the rear-sight pillar b. A milled set screw 
is also vided to enable the device to be locked in its adjusted 
verti tion To assist in determining this, the vertical 


100,935. 
(3 Figs.) 





tubular standard is cut or chamfered away along its front face 
k f which is adapted to 


on 
is formed in a bloc 
projecting outwardly from one side of the vertically-adjustable 
member a, and adjustment for wind may be made by means of a 
milled head 1 and screw, the degree of movement we enone 
by the provision of zero mark m on the sliding bloc { 

against fixed graduations on the horizontal arm k. (A 
August 2, 1916.) 


MOTOR ROAD VEHICLES. 
et on Clermont-F 
4 


100 498. -Ferrand, France. 
Wheels. Figs.) December 8, 1913.— 
According to this invention, the wheel is formed of a single metal 





sheet comprising a thickened central portion 4, a net portion 
8 





levice. A spring b1 presses out the diaphragm | 


and an outwardly beat portion 2 one of the rim. 
3 is the other side of the rim; the parts 2 and 
together by means such as rivets. The thickened centre 
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flat faces which can be bolted to the hub by nuts 6 screwing upon 
the driving studs fast with a collar 7. The bearing surfaces of the 
nuts are made spherical, so that if the nuts 6 are improperly 
screwed up and there is play between the disk and the hub they 
tighten themselves. (Sealed.) 


PUMPS. 
J. Johnston and The Giobe Pneumatic 


12 /15. 
Engineering Com , Limited, London. Com- 
—— ( Fios) Teguet 27, 1915.—This invention relates 
rotary compressors or exhausters of the type comprising two 
members arranged one within the other and eccentrically to one 
another and ha an annular liquid piston occup space 
between the members. According to this invention, the inner 

















(2,369.) 





rotary member comprises a disc b, which may be either radial or 
conical or inclined, and such that the liquid forming the piston 
has free access to both sides thereof, said disc being provided 
with one or two threads or helical or spiral vanes g set at an 
inclination to the face of the disc, so as to trap the air or gas being 
aes my and force the same outwards over the edge of the 
disc. ( .) 


100,858. G. and J. Weir, Limited, and W. McCowatt, 


machines, one coupled to each shaft and each of 50 per cent. 
of the normal full-load capacity, or each of such lesser than 
full-load capacity that the total capacity is 100 percent. A, B 
are two centrifugal pumps having their impellers on or coupled 
to the two oppositely-rotating shafts C, D of a turbine E. The 


the fuselage F and between the canvas sides of the fixed fin E ; 
these sides are cut away at H beside its top end to allow of the 
pnp me bracing wires D, D, to the’ points on 
ie plane A. By 


ir connecting 
Pp ible to raise and lower 
the plane A without interfering with its bracing machete: i. 
Seni and is 





means of holding one or other rotor and the cor ding pump 


Y 














impeller consist of dog clutches, one member F of each of which 
is splined or otherwise, slidably mounted on the shafts C, D, 
while the other member G of each is fixed to the casing of the 
turbine E. Each clutch is controlled by handwheel-operated 
screw gear H. (Accepted August 2, 1916.) 

are J. R. Barnett, Crookston, Renfrewshire. 
Ships’ Bulkheads. (3 Figs.) July 21, 1915.—The bulkhead 
instead of being built with the plating arranged in one plane, and 
having the stiffeners on one or both sides of the plating, is built 


b 


Qa 


b 
a 


a 
(10577) 


with the plating @ arranged “ out and in” fashion, the amount 
of “out and in” being the depth required for the stiffeners b. 
The stiffeners 6 may be formed in one with plates a or, as shown, 
separate therefrom. The use of stiffening stringer plates and 
brackets is unnecessary. (Accepted August 2, 1916.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


10,664/15. Circulators, Limited, S. J. Ross and H- 
Schofield, London. Boilers. (4 Figs.) July 22, 1915.— 
The invention consists in the arrangement upon the furnace 
flue A of a central hood or nozzle chamber g with two open- 





Glasgow. Cen’ gal Pumps. (5 Figs.) March 29, 1916.— 
The invention consists in means for supporting, and adjusting the 
position of, the stationary collars of the labyrinth packing. a is 
the pump rotor, b the main part of the casing, ¢, c, the labyrinth 
collars on the rotor at the suction side, and /, f, the stationary 
labyrinth collars at the suction side. The collars f, f, are carried 
by the labyrinth ring g, which is made in two parts connected 
together by bolts. The two parts of this ring g are connected 
together round the boss of the rotor before the rotor is placed 


in the casing. The ring g is held in place and its exact position 
adjusted by means of the solid or single-part ring —which is 
screwed into the casing b—and the threaded pins m, m, which pass 
through holes in the ri 
in the ring g. The ring & and pins m, when screwed into place, 
lift the ring g off the rotor and adjust it to the desired position 
before the suction member p is placed in position and bolted to 
the cas’ 6 by the studs v, ». The ring & is serrated, and a 
locking-pin « whose head engages with one of the serrations is 
employed to lock the ring in the desired position. (Sealed.) 
SHIPS AND NAUTICAL APPLIANCES. 


100,862. H. E. Yarrow, Glasgow. Submarine Vessels. 
(4 Figs.) April 14, 1916,—<According to this invention, the hull 
of a subi ne vesse! is formed of external plates connected by 
——- and transverse butt straps adapted, without the 

ition of transverse frames, to stand the stresses to which the 
structure is normally subjected. The plates a form the internal 





hull; the plates b form the external hull or ballast tanks, which 
extend over the greater part of the length of the vessel. In 
the example shown, every other plate of the inner hull is oe 
with a flange « at each edge, and every other plate of outer 


a 
dateach , but every pla 5 f be 
at one or both The plates a are connected by longitud 
butt straps e. (Sealed.) 

15,212/15. William Beardmore and Co., Limited, and 

+ Dornan, Dalmuir. Marine Turbine Installation. 
(1 Fig.) October 28, 1915.—The invention has for its object to 
utilise turbines of the type in which there are two oppositely- 
rotating rotors or members. In turbines of this class there are, of 
course, two byte J shafts. According to this invention, means 


aa for holding stationary when desired one of these 
, and there are provided two installations of auxiliary 


k and are screwed into tapped holes | 


| F¥g.7. 
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| mouthed saddle-like side chambers f that partially surround a 

| portion of the furnace or flue, such side chambers being so formed 
that the area between the outer surface of the flue and the inner 

wall of the saddle-like chamber increases from the mouth of the 

| chamber to the hood. (Accepted August 2, 1916.) 

| 

| MISCELLANEOUS. 


| 42,931/15. A. Kitson, A. Noblett and The Kitson Empire 
| Lighting Company, Limited, Stamford. Burners for 
| Vapour ps. (4 Figs.) September 9, 1915.—The drawings 
illustrate the invention as applied to a blow lamp. 1 is the fuel 
reservoir, 2 is a pump for compressing air into the reservoir. 
6 is a part so formed as to constitute two closed chambers 7, 8. 
The fuel chamber 7 is connected by means of the pipe or tube 9 
to the reservoir. 13, 13, are pipes or tubes bent Upcbepe, by 
| means of which the fuel chamber 7 is connected with the vapour 
chamber 8. Each of the U-chaged pipes or tubes is bent near 
| its free or looped part as at 131 so that when such pipes or 
| tubes are in position on the chambered part the bends will be 


| Fig.t. 

















} 




















disposed outwardly relatively to each other. The vapour 
chamber 8 is furnished with the recess 81 to accommodate an 
accumulation of vapour and thus ensure a steady outflow thereof 
from the vapour chamber through the vacuum plug or nozzle 14, 
which is — centrally throughout its length and is 
pocmeetiy urnished with the gauze screen to keep the perforation 
n the plug or nozzle free from extraneous matter and thus prevent 
its being choked. 15 and 16 are apertures formed respectively 
in the vapour and fuel chambers for the enabling of an implement 
to be ne into the tubes 13 for cleansing purposes. 17 is a 
screw-threaded recess which serves for securing the bered 
part 6 to the pipe 9 in the attachment of the burner to the fuel 
reservoir. (Accepted July 26, 1916.) 


100,875. A. V.Roe, Manchester. Aerial Craft. (7 Figs.) 
January 5, 1916.—A represents the tail plane of an aeroplane, 
divided, of course, by the fusel: F, but pivoted thereon about 
the line B, B, and constructed with a strut C passing up through 





Pp J works vertically in bearings on the a 
provided with a threaded — and a drum M, the latter 
connected by the cable with the operating drum P adjoining, 
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Fig.3. 
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and worked by the pilot. Y is a guide bracket for the strut C, 
being attached to the stern post of the machine, thus providing 
that the movement of the strut is parallel to the spindle J in 
order not to affect its connection with the nut 8, which nut is con- 
nected by the flanges of a guide bracket Q. It will thus be seen 
that both the strut C and the frame bars of the tail plane A are 
simultaneously moved by the nut 8 without interfering with 
their inter-connecting parts. (Sealed.) 


11,015/15. The Hon. Sir C. A. Parsons, Newcastle-on- 
Tyne, R. Howe and S. S. Cook, Wallsend-on-Tyne. Cooling 
Liquids. (5 Figs.) July 29, 1915.—The invention consists ina 
cooling unit comprising one or more spiral tubes ¢ (through which 
the cooling water is d) surrounding a corrugated core h and 
enveloped by a tubular corrugated casing a in such a manner as 
to provide a passage-way for the fluid to be cooled in which the 
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stream-lines are repeatedly broken up and subdivided, and fresh 
layers of the fluid are brought into close proximity and contact 
with the convolutions of the spiral tube or tubes. Further, the 
enlargements in the casing bore are situated intermediately 
between the depressions on the centering core, so that in its 
=. through the cooler the fluid to be cooled will be repeatedly 

roken up across the cooling spiral or spirals. (Accepted 
August 2, 1916.) 








Brazit.—Brazilian financial affairs are again approach- 
ing something of a crisis. The question which British 
investors in Brazilian bonds are considering is the possi- 
bility of Brazil resuming cash payments in August, 1917. 
It appears from current budgetary reports that the 
Brazilian Government is extremely anxious to resume 
cash payments at the due date as proposed in the 
prospectus of the funding scheme and now in course 
of development ; but it is not altogether clear that the 
country will be able to do this when the time for resump- 
tion arrives. The estimated revenue of Brazil for 1917 
is set down at 29,350,500/., while the expenditure is 
estimated at 30,200,500/. The exports of Brazil last 
year represented a value of 52,970,000/., while the imports 
of the 12 months were set down at 30,088,000/. The 
annual imports have exceeded the annual exports during 
each of the last 10 years, with the exception of 1913, 
when there was an adverse balance of 2,217,605i. 

VIRGINIAN MANGANESE.—The Consolidated Man- 
ganese Corporation has taken over a recently-organised 
Virginian manganese ore property and is mining and 
ship’ ing high-grade ore. The mine has been known as 
the Piedmont or Meyer’s, and it is situated about 6 miles 
east of Lynchburg, Virginia. When formerly worked 
it has yielded 5,052 tons from one shaft, with a total 
output of about 30,000 tons of washed ore. The new 
company has already shipped from 750 to 1,000 tons of 
ore averaging from 45 to 55 per cent. manganese, 3 per 
cent. iron, 8 per cent. silica and traces of phosphorus. 
These details compared favourably with the production 
of Brazilian or Indian manganese mines. It is proposed 
to increase the output to 1,000 tons per month. New 
York capitalists are backing the enterprise and they 
have a Mr. C. M. Weld, of 60, Broadway, New 
York (formerly associated with the Tata Iron and Steel 
Company, Sakchi, India), as consulting engineer in 
charge. 











